
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



at |http : //books . google . com/ 



p 



i 



ttVKAl 



1> 



'HCVATICft 



JUH. 







^ 096 998 042 



/ 



^ 



HARVARD COLLEGE 
LIBRARY 




GIFT OF THE 

GRADUATE SCHOOL 
OF EDUCATION 



ML 






] 



c^ 




PROGRESSfV^ 



9Z^ 



PRACTICAL ARITHMETIC, 



CONTAIKINO 



THE THEORY OP NUMBERS, IN CONNECTION WITH CONCISE ANALYTIC 

AND SYNTHETIC METIIOl^ OF SOLUTION, AND DESIGNED 

AS A COMPLETE TEXl'^BOOK ON THIS SCIENCE, 



COMMON SCHOOLS AND ACADEMIES. *' 



DaJ lEL W. FISH, A.M., 

AVVIOE or Tra%AB|fB-^OOVnPUMAAT AND INTBLLBOTUAL ABITUKSTIC*, i 

- ^ BUDimam. 



EW YORK : 



NEW 

IVISON, PHINNEY, BLAKEMAN ic CO., 
OHICAGO : & C. GBIGGS ft CO, 

1867. 



--•^ T 1 1 *«,(->-? . '■f I 




hm& 0f Hithiejttitwsi, 



he most Completer, most Practical, and most Scientific Series of 
Mathematical Text-Books ever issued in (his country, 

— >• » •• 

BoUnson's FrogreasiTe Table Book, 

Bobinson's Progressive Primary Arithmetic,- ... 
Bobinaon's Progressive Intelleotual Arithmetic, - • • 
Bobinson's Budiments of Written Arithmetic, • . • 
Bobinson's Progressive Practical Arithmetic, ... 

Bobinson's Key to Practical Arithmetic, 

Bobinson's Progressive EQgher Arithmetic, .... 
Bobinson's Key to Higher Arithmetic, ^ . . . . 

Bobinson's Arithmetical Examples, - 

Bobinson's New Elementary Algebra, ..... ^ 
Bobinson's Key to Elementary Algebra, •-.•.• 
Bobinson's University Algebra, --.--.. 

Bobinson's Key to University Algebra, 

Bobinson's New University Algebra, - - . • 
Bobinson's Key to New University Algebra, • - • . 
Bobinson's New Geometry and Trigonometry, ... 
Bobinson's Surveying and Navigation, - - 
Bobinson's Analyt. (Geometry and Conic Sections, - 
Bobinson's Difbren. and Int. Calculus, (in preparation^ 

Bobinson's Momentary Astronomy, 

Bobinson's University Astronomy, 

Bobinson's Mathematical Operations, 

Bobinson's Key to Geometry and Trigonometry, Conio 
Sections and Analytical Geometry, 

Kotered, according to Act of Congress, in the year 185S, by 

nOBATIO N. BOBINSON, LL.D., 

and again in the year 1868, by 

DANIEL W. FISH, A.M., 

the Clerk'a OOice of the i^lstrict Court of the United ftlalea,tot\Si«k^ottlieru 
I>i5trlct of New Yorlu 



Mcx 12 J. 



HARVARD COLLTGE LI»frARY 

GIFT OF THE 

•KADWATE SCHOOL tf EOBCATKMI 



Y 



PREFACE. 



Progress and improyement characterize almost every art and 
science ; and within the last few years the science of Arithmetic has 
received many important additions and improvements, which have 
appeared from time to time successively in the different treatises pub- 
lished upon this subject. 

In the preparation of this work it has been the author's aim to com- 
bine, and to present in one harmonious whole, all these modem im- 
provements, as well as to introduce some new methods and practical 
operations not found in other works of the same grade ; in short, to 
present the subject of Arithmetic to the pupil more as a science than 
an art; to teach him methods of thought, and how to reaaon^ rather 
than what to do; to give imity, system, and practical utility to the 
science and art of computation. 

The author believes that both teacher and pupil should have the 
privilege, as well as the benefit, of performing at least a part of the 
thinking and the labor necessary to the study of Arithmetic ; hence 
the present work has not been encumbered with the multiplicity of 
"notes," "suggestions," and superfluous operations so common to 
most Practical Arithmetics of the present day, and which prevent the 
cultivation of that self-reliance, that clearness of thought, and that 
vigor of intellect, which always characterize the truly educated mind. 

The author claims for this treatise improvement upon, if not superi- 
ority over, others of the kind in the following particulars, viz. : In 
the mechanical and typographical style of the work; the open and 
attractive page ; the progressive and scientific arrangement of the 
subjects; clearness and ^conciseness of defnitions ; fullness and accu- 
racy in the new and improved methods of operations and analyses f 
brevity and perspicuity of rules; and in the very large tiumnhev oj 
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examples prepared and arranged with special reference to their prae* 
tical utility, and their adaptation to the real business of active life. 
The answers to a part of the examples have been omitted, that the 
learner may acquire the discipline resulting from verifying the opera- 
tions. 

Particular attention is invited to improvements in the subjects o£ 
Common Divisors, Multiples, Fractions, Percentage, Interest, Propor- 
tion, Analysis, Alligation, and the Hoots, as it is believed these 
articles contain some practical features not common to other authors 
upon these subjects. 

It is not claimed that this is a perfect work, for perfection is impossi- 
ble ; but no effort has been spared to present a clear, scientific, com- 
prehensive, and complete system, sufficiently full for the business man 
and the scholar ; not encumbered with unnecessary theories, and yet 
combining and systematizing real improvements of a practical and 
useful nature. How nearly this end has been attained the intelligent 
and experienced teacher and educator must determine. 
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DEFINITIONS. 



1. ftnantity is any thing that can be increased, diminished, 
or measured. 

3. HathematiCB is the science of quantity. 

3. A Unit is one, or a single thing. 

4:. A Number is a unit, or a collection of unita. 

5. An tnteger is a whole number. 

6. The Unit of a ITumber is one of the same kind or 
name as the number. Thus, the unit of 23 is 1 ; of 23 dollars, 
1 dollar; of 23 feet, 1 foot. 

7« Like Ifumbers have the same kind of unit Thus, 74, 
16, and 250 ; 7 dollars and 62 dollars ; 19 pounds, 320 pounds, 
and 86 pounds ; 4 feet 6 inches, and 17 feet 9 inches. 

8. An Abstract Number is a number used without refer- 
ence to any particular thing or quantity. Thus, 17 ; 365 ; 8540. 

9. A Concrete Number is a number used with reference 
to some particular thing or quantity. Thus, 17 dollars; 365 
days ; 8540 men. 

Notes. 1. The unit of an abstract number is 1, and is called Unity, 

2. Concrete numbers are, by some, called Denominate Number* 
DenomincUion means the name of the unit of a concrete number. 

10« Arithmetic is the Science of numbers, and the Art of 
computation. 

11. A Sign is a character indicating an operation to be 
performed. 

13. A £ule is a prescribed method of performing an op- 
eration. 

Define quantity. Mathematics. A unit. A number. An integer. 
The unit of a number. Like numbers. An abstract number. A 
concrete number. The unit of an abstract ii\mi\i«» \^<a\CTK\M\ia^» 
numbers, Aridunetic*. A sign, or symbol. A.x\)t\!&. 
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NOTATION AND NUMERATION. 

13. Notation is a method of writing or expressing numbers 
by characters ; and, 

14:. Numeration is a method of reading numbers expressed' 
by cliaracters. 

\S. Two systems of notation are in general use — the 
Roman and the Arabic. 

Note. The Roman Notation is supposed to haTe been first used 
by the Romans ; hence its name. The Arabic Notation was intro- 
duced into Europe by the Arabs, by whom it was supposed to have 
been invented. But investigations have shoM'n that it was adopted by 
them about 600 years ago, and that it has been in use among the Hin- 
doos more than 2000 years. From this latter fact it is sometimes 
called the Indian Notation. 

THE KOMAX NOTATION 

10. Employs seven capital letters to express numbers, 
thus : 



Letters, I V X L C D M 

one five one 

hundred, hundred, thousand. 



Values, one, fire, ten, fifty, **"* *^" 



17. The Roman notation is founded upon five principles, 
as follows : 

1st. Repeating a letter repeats its value. Thus, II repre- 
sents two, XX twenty, CCC three hundred. 

2d. If a letter of any value be placed ajler one of greater 
value, its value is to be united to that of the greater. Thus, 
XI represents eleven, LX sixty, DC six hundred. 

3d. If a letter of any value be placed before onQ of greater 
value, its value is to be taken from that of the greater. Thus, 
IX represents nine, XL forty, CD four hundred. 

Define notation. Numeration. TVTiat systems of notation are now 
in general use ? From what are their names derived ? What are used 
to express numbers in the Roman notation ? What is the value of each ? 
IVhat is the ^st principle of combination } Second J Third } 
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4th. If a letter of any value be placed between two letters, 
each of greater value, its value is to be taken from the united 
value of the other two. Thus, XIV represents fourteen, 
XXIX twenty-nine, XCIV ninety-four, 

5th. A bar or dash placed over a letter increases its value 
one thousand fold. • Thus, Y signifies ^ve, and V five thou- 
sand ; L fifty, and L fifly thousand. 



TABLE OP ROMAN NOTATION. 



I 


is 


One. 


XX i« 


Twenty. 


n 


<f 


Two. 


XXI * 


' Twenty-one. 


in 


4t 


Three. 


XXX " 


Thirty. 


IV 


tt 


Four. 


XL " 


Forty. 


V 


« 


Five. 


L « 


Fifty. 


VI 


« 


Six. 


LX " 


Sixty. 


VII 


« 


Seven. 


LXX " 


Seventy. 


VIII 


« 


Eight. 


LXXX « 


Eighty. 


IX 


« 


Nine. 


XC " 


Ninety. 


X 


tt. 


Ten. 


C " 


One hundred. 


XI 


tt 


Eleven. 


CC " 


Two hundred. 


xn 


tt 


Twelve. 


D " 


Five hundred. 


xm 


tt 


Thirteen. 


DC « 


Six hundred. 


XIV 


tt 


Fourteen. 


M " 


One thousand, [ired. 


XV 


tt 


Fifteen. 


MC " 


One thousand one hun- 


XVI 


tt 


Sixteen. 


MM " 


Two thousand. 


xvn 


tt 


Seventeen. 


X « 


Ten thousand. 


XVIII 


tt 


Eighteen. 


C " 


One hundred thousand. 


XIX 


tt 


Nineteen. 


M " 


One million. 



Note. The system pf Boman notation is not well adapted to tha 
purposes of numerical calculation ; it is principally confined to the 
numbering of chapters and sections of books, public dociunents, &c. 



Express the following numbers by letters : 

1. Eleven. Ans. 

2. Fifteen. Ans. 



XL 



Fourth ? Fifth ? Repeat the table. MTiat is the value of LVII ? 

CLxxin?. xcviii?^_ cDxxxn? xcix? dcxix? 

VMDCCXUX? MDXKVCDLXXXIX ? To what uses is th« 
Roman notation now principally confined ? 
1* 
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8. Twenty-five, 

4. Thirty-nine. 

5. Forty-eight. 

6. Seventy-seven. 

7. One hundred fifty-nine. 

8. Five hundred ninety-four. 

9. One thousand five hundred thirty-eight 

10. One thousand nine hundred ten. 

11. Express the present year. 

THE ARABIC NOTATION 

18. Employs ten characters or. figures to express numbers. 
Thus, 
Figures, 0123456789 

Names and ") "^^^K*** °°'®» *^®» *!»'«•» *>»*", fiye, six, seyen, eight, nine, 
values, 5 cipher, 

' 19* The first character is called naught because it has no 
value of its own. The other nine characters are called signif- 
icant JigureSj because each has a value of its own. 

30* The significant figures are also called Digits^ a word de- 
rived from the Latin term digituSf which signifies ^n^cr. 
31* The naught or cipher is also called nothing, and zero. 

The ten Arabic characters are the Alphabet of Arithmetic, 
and by combining them according to certain principles, all 
numbers can be expressed. We will now examine the most 
important of these principles.* 

33, Each of the nine digits has a value of its own ; hence 
any number not greater than 9 can be expressed by one 
figure. 

* Fractional and Jedmal notation, and the notation of compound nmnben, will be 
discueraed a their appropriate places. 

What are used to express numbers in the Arabic notation ? What 
is the value of each ? Wliat general name is given to the significant 
Bguxes } Why ? Numbers less than ten, how expressed } 
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• 33 # As We have no single character to represent ten, we 
express it by writing the unit, 1, at the left of the cipher, 0, 
thus, 10. In the same manner we represent 

2 tens, 3 tens, 4 tens, 6 tens, 6 tens^ 7 tens, 8 tens, 9 tens, 

or or or or or or or ot 

twenty, thirty, forty, fifty, sixty, seventy, eighty, ninety, 

20; 30; 40; 50; 60; 70; 80; 90. 

24. When a number is expressed by two figures, the right 
hand figure is called units, and the left hand figure tens. 

We express the numbers between 10 and 20 by writing 
the 1 in the place of tens, with each of the digits respectively 
in the place of units. Thus, 

eleyen, twelye, thirteen, fourteen, fifteen, sixteen, Beyenteea, etgliteen, nineteem 

11, 12, 13, 14, 15, 16, 17, 18, 19. 

In like manner we express the numbers between 20 and 
30, between 30 and 40, and between any two successive tens. 
Thus, 21, 22, 23, 24, 25, 26, 27, 28, 29, 34, 47, 56, 72, 93. 
The greatest number that can be expressed by two figures 
is 99. 

2tS« We express one hundred by writing the unit, 1, at the 
left hand of two ciphers, or the number 10 at the left hand of 
one cipher; thus, 100. In like manner we write two hun- 
dred, three hundred, &c, to nine hundred. Thus, 

one two three four five six seven eight nine 
hundred, hundred, hundred, hundred, hundt^d, hundred, hundred, hundred, hundred, 

100, 200, 300, 400, 500, 600, 700, 800, 900. 

SO* When a number is expressed by three figures, the 
right hand figure is called units, the second figure tens, and 
the left hand figure hundreds. 

As the ciphers have, of themselves, no value, but are always 
used to denote the absence of value in the places they occupy, 

Tens, how expressed ? The right hand figure called what > Left 
hand figure, what ? What is the greatest number that can be expressed 
by two figures ? One hundred, how expressed ? When numbers aie 
expressed by three figures, what names are given to each } 
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vc express tens and units with hundreds, by writing, in placo 
of the ciphers, the numbers representing the tens and units. 
To express one hundred fifty we write 1 hundred, 5 tens, and 
units; thus, 150. To express seven hundred ninety-twc^ 
vfe write 7 hundreds, 9 tens, and 2 units ; thus. 



The greatest number that can be expressed by three figures 
is 999. 

EXAMPLES FOR PBACTICB* 

1. Write one hundred twenty-five. 

2. Write four hundred eighty-three. 
8. Write seven hundred sixteen. 

4. Express by figures nine hundred. 

5. Express by figures two hundred ninety. 

6. Write eight hundred nine. 

7. Write ^ve hundred ^ve. 

8. Write five hundred fifty-seven. 

27* We express one thousand by writing the unit, 1, at 
the left hand of three ciphers, the number 10 at the left hand 
of two ciphers, or the number 100 at the left hand of or.j 
cipher; thus, 1000. In the Bame manner we write two 
thousand, three thousand, &c., to nine thousand ; thus, 

one two three four five six seven eight nine 

fliousand, thousitnd, thousand, thousand, thousand, thousand, thousand, thousand, thousnncL 

1000, 2000, 3000, 4000, 5000, 6000, 7000, 8000, 9000. 

28. When a number is expressed by four figures, the 
places, commencing at the right hand, are units, tens, hundreds^ 
thousands. 

Use of the cipher, what ? Greatest number that cnn he expressed by 
tliree figures? One thousand, how expressed? How many figure* 
used ? Names of each ? 
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To express hundreds, tens, and units with thousands, we 
write in each place the figure indicating the number we wish 
to express in that place. To write four thousand two hun- 
dred sixty-nine, we write 4 in the place of thousands, 2 in the 
place of hundreds, 6 in the place of tens, and 9 in the place of 
units; thus, 

II . 

I I I I 



The greatest number that can be expressed hjfour figures 



EXAMPLES FOB PRACTICE. 

Express the following numbers by figures : — 

1. One thousand two hundred. 

2. Five thousand one hundred sixty. 

3. Three thousand seven hundred forty-one. 

4. Eight thousand fifty-six. 

5. Two thousand ninety. 

6. Seven thousand nine. 

7. One thousand one. 

8. Nine thousand four hundred twenty-seven. 

9. Four thousand thirty-five. 

10. One thousand nine hundred four. 
Read the following numbers : — 

11. 76; 128; 405; 910; 116; 8416; 1025. 

12. 2100; 5047; 7009; 4670; 3997; 1001. 

20* Next to thousands come tens of thousands, and next 
to these come hundreds of thousands, as tens and hundreds 
come in their order after units. Ten thousand is expressed 
by removing the unit, 1, one place to the left of the place 

Greatest number expressed by four figures ? Tens of thousands, how 
expressed ? Hundreds of thousands ) 
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of thousands, or by writing it at the left hand of four ci- 
phers; thus, 10000; and one hundred thousand is expressed 
by removing the unit, 1, still one place further to the left, or 
by writing it at the left hand of five ciphers ; thus, 100000. 
We can express thousands, tens of thousands, and hundreds of 
thousands in one number, in the same manner as we express 
units, tens, and hundreds in one number. To express five 
hundred twenty-one thousand eight hundred three, we write 5 in 
the sixth place, counting from units, 2 in the fifth place, 1 in 
the fourth place, 8 in the third place, in the second place, 
(because there are no tens,) and 3 in the place of units; 
thus, 

•S^ «• «• . 

|§lii|g| 
&>$ :s a I I i 

5 2 18 3 

The greatest number that can be expressed by five figures 
is 99999 ; and by six figures, 999999. 

EXAMPLES FOR PRACTICE. 

Write the following numbers in figures : — 

1. Twenty thousand. 

2. Forty-seven thousand. 

3. Eighteen thousand one hundred. 

4. Twelve thousand three hundred fifty. 

5. Thirty-nine thousand five hundred twenty-two. 

6. Fifteen thousand two hundred six, 

7. Eleven thousand twenty-four. 

8. Forty thousand ten. 

9. Sixty thousand six hundred. 

10. Two hundred twenty thousand. 

11. One hundred fifty-six thousand. 

12. Eight hundred forty thousand three hundred. 

Oreatest number expressed by five figures } Six figtires } 



5470; 203410. 

49000; 100010. 

218094; 100101. 
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13. Five hundred one thousand nine hundred Bixtj-four. 

14. One hundred thousand one hundred. 

15. Three hundred thirteen thousand three hundred thir- 
teen. 

16. Seven hundred eighteen thousand four. 
17* One hundred thousand ten. 

Read the following numbers : — ** 

18. 5006; 12304; 96071; 

19. 36741; 400560; 13061; 

20. 200200; 75620; 90402; 

For convenience in reading large numbers, we may point 
them off, by commas, into periods of three figures each, counts 
ing from the right hand or unit figure. This pointing enables 
us to read the hundreds, tens, and units in each period with 
facility. 

30. Next above hundreds of thousands we have, succes- 
sively, units, tens, and hundreds of millions, and then follow 
units, tens, and hundreds of each higher name, as seen in the 
following 

NUMERATION TABLE. 



I I I I i a i i 
i'S'l &I Is II 

'^■^^rvA^N /'>hA•^ rv>\>^ />bA>^ />bA>^ r^kA>^ /^^J*w^ /'XA^N 

•5 ASS'S «-?fl «."5fl«5a«.^fl »5a •5'a"-? 

9 8,7 65,43 2,10 9,8 76,5 5 6,78 9,012,3 45 

>*^v%* V^'V^.^ Vy'VV/ v>'V^O v-or»^ v^v^^ v^v^^ ^^-"'V^^ v^vx</ 



ninth eighth seyenth sixth fifth fourth third second first 
period, pwiod. period, period, period, period, period, period, period. 

How may figures be pointed off? One million, how expressed? 
Next period above millions, what } Giye the name of each successlT* 
period. 
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Note. This is called the French metliod of pointing off the pfcfi.. 
ods, and is the one in general use in this country. 

31* Figures occupying different places in a number, as 
units, tens, hundreds, &c., are said to express different orders 
of units. 

Simple units are called units of the ^r^^ order. 

Tens " « " " " second « 

Hundreds « « « « « /AtVc^ « 

Thousands •< *« « a « fourth ** 

Tens of thousands " « « " '' ffih « 

and so on. Thus, 452 contains 4 units of the third order, 5 
units of the second order, and 2 units of the first order. 
1,030,600 contains 1 unit of the seventh order, (millions,) 3 
units of the fifth order, (tens of thousands,) and 6 units of the 
third order, (hundreds.) 

EXAMPLES FOR PRACTICE. 

Write and read the following numbers : — 

1. One unit of the third f order, four of the second. 

2. Three units of the fifth order, two of the third, one of the 
first 

3. Eight units of the fourth order, five of the second. 

4. Two units of the seventh order, nine of the sixth, four 
of the third, one of the second, seven of the first. 

5. Three units of the sixth order, four of the second. 

6. Nine units of the eighth order, six of the seventh, three 
of the fifth, seven of the fourth, nine of the first. 

7. Four units of the tenth order, six of the eighth, four of 
, the 'Seventh, two of the sixth, one of the third, five of the sec- 
ond. 

8. Eight units of the twelfth order, four of the eleventh, six 
of the tenth, nine of the seventh, three of the sixth, five of the 
fifth, two of the third, eight of the first. 



Units of different orders are what } 



NOTATION AND NUMERATION. 17. 

33« From the foregoing explanations and illustrations, we 
derive several important principles, which we will now pre- 
sent. 

1st. Figures have two values, Simple and Local. 

The Simple Yalne of a figure is its value when taken alone; 
thus, 2, 5, 8. 

The Local Value of a figure is its Talue when used with an- 
other figure or figures in the same number ; thus, in 842 the 
simple values of the several figures are 8, 4, and 2; but the 
local value of the 8 is 800 ; of the 4 is 4 tens, or 40 ; and of 
the 2 is 2 units. 

Note. When a figure occupies units' place, its simple and local 
values are the same. 

2d. A digit or figure, if used in the second place, expresses 
tens ; in the third place, hundreds ; in the fourth place, thou- 
sands ; and so on. 

3d. As 10 units make 1 ten, 10 tens 1 hundred, 10 hun- 
dreds 1 thousand, and 10 units of any order, or in any place^ 
make one unit of -the next higher order, or in the next place 
at the left, we readily see that the Arabic miethod of notation 
is based upon the following 

TWO GENERAL LAWS. 

T. Th2 different orders of units increase from right to left, 
and decrease from left to right ^ in a tenfold ratio, 

II. Every removal of a figure one place to the left, increases 
its local value tenfold ; and every removal of a figure one place 
to the right, diminishes its local value tenfold. 
Thus, 

(Z^OpG is 6 units. 
|Mo is 10 times 6 units. 
JtBOO is 10 times 6 tens. 
IjOOOO is 10 times 6 hundreds. 
60000 is 10 times 6 thousands. 

First principle derived ? What is the simple value of a figure ? Local r 
Second principle } Third } First law of Aia\i\B iio\».^<M:L\ ^Q.vs«kv^\ 



^ 
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4th. The local value of a figure depends upon its place from 
units of the first order, not upon the value of the figures at the 
right of it. Thus, in 425 and 400, the value of the 4 is the 
same in both numbers, being 4 units of the third •order, or 4 
hundred. 

Note. Care should be taken not to mistake the local value of a 
figure for the value of the whole number. For, although the value of 
the 4 (hundreds) is the same in the two niunbers, 425 and 400, the value 
of the whole of the first niunber is greater than that of the second. 

5th. Every period contains three figures, (units, tens, and 
hundreds,) except the left hand period, which sometimes con- 
tains only one or two figures, (units, or units and tens.) 

33* As we have now analyzed all the principles upon 
which the writing and reading of whole numbers depend, we 
will present these principles in the form of rules. 

RULE FOR NOTATION. 

I. Beginning at the left hand, write the figures belonging to 
the highest period, 

II. Write the hundreds, tens, and units of each successive 
period in their order, placing a cipher wherever an order of 
units is omitted, 

RULE FOR NUMERATION. 

I. Separate the number into periods of three figures each, 
commencing at the right hand. 

II. Beginning at the left hand, read each period separately, 
and give the name to each period, except the last, or period 
of units, 

34:. Until the pupil can write numbers readily, it may be 
well for him to write several periods of ciphers, point them off, 
over each period write its name, thus, 

Trillions, Billions, Millions, Tlioanands, Units. 

000, 000, 000, 000, 000 



Fourth principle ? What caution is given ? Fifth principle ? Rule 



for notation ? Numeration ? 
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and then write the given numbers underneath, in their appro- 
priate places. 

EXERCISES IN NOTATION AND NUMERATION. 

Express the following numbers bj figures : — 

1. Four hundred thirty-six. 

2. Seven thousand one hundred sixty-four. 
8. Twenty-six thousand twenty-six. 

4. Fourteen thousand two hundred eighty. 

5. One hundred seventy-six thousand. 

6. Four hundred fifty thousand thirty-nine. 

7. Ninety-five million. 

8. Four hundred thirty-three million eight hundred sixteen 
thousand one hundred forty-nine. 

9. Nine hundred thousand ninety. 

10. Ten million ten thousand ten hundred ten. 

11. Sixty-one billion five million. 

12. Five trillion eighty billion nine million one. 

Point off, numerate, and read the following numbers: — 



13. 


8240. 


17. 


1010. 


21. 


370005. 


14. 


400900. 


18. 


57468139. 


22. 


9400706342. 


15. 


308. 


19. 


5628. 


23. 


38429526. 


16. 


60720. 


20. 


850026800. 


24. 


74268113759. 



25. Write seven million thirty-six. 

26. Write ^ve hundred sixty-three thousand four. 

27. Write one million ninety-six thousand. 

28. Numerate and read 9004082501. 

29. Numerate and read 2584503962047. 

30. A certain number contains 3 units of the seventh order, 
6 of the fifth, 4 of the fourth, 1 of the third, 5 of the second, 
and 2 of the first ; what is the number ? 

31. What orders of units arecontained in the number 290648? 

32. What orders of units are contained in the number 
1037050? 



1 
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ADDITION. 

MENTAL EXERCISES. 

35« 1. Henry gave 5 dollars for a vest, and 7 dollars for 
a coat ; how much did he pay for both ? 

Analysis. He gave as many dollars as 5 dollars and 7 dollars, 
which are 12 dollars. Therefore he paid 12 dollars for both. 

2. A farmer sold a pig for 3 dollars, and a calf for 8 dol- 
lars ; how much did he receive for both ? 

3. A drover bought 5 sheep of one man; 9 of another, and 
3 of another ; how many did he buy in all ? 

4. How many are 2 and 6? 2 and 7? 2 and 9 ? 2 and 8 ? 
2 and 10 ? 

5. How many are 4 and 5 ? 4 and 8 ? 4 and 7 ? 4 and 9 ? 

6. How many are 6 and 4? 6 and 6 ? 6 and 9 ? 6 and 7 ? 

7. How many are 7 and 7? 7 and 6? 7 and 8? 7 and 10? 
7 and 9 ? 

8. How many are 5 and 4 and 6? 7 and 3 and 8 ? 6 and 9 
and 5 ? 

36 • From the preceding operations we perceive that 
Addition is the process of uniting several numbers of the 
same kind into ane equivalent number. 

37. The Sum or Amount is the result obtained by the 
process of addition. 

38. The sign, 4-» is called plus, which signifies more. 
When placed between two numbers, it denotes that they are 
to be added ; thus, 6 -}- 4, shows that 6 and 4 are to be added. 

39. The sign, = , is called the sign of equality. When 
placed between two numbers, or sets of numbers, it signifies 
that they are equal to each other; thus, the expression 
6 -f- 4 =: 10, is read 6 plus 4 is equal to 10, and denotes that 
the numbers 6 and 4, taken together, equal the number 10. 

Define addition. The sum or amount? Sign of addition? Of 
equality f 
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CASE I. 

40. When the amount of each column is less 
than 10. 

1. A farmer sold some hay for 102 dollars, six cows for 
162 dollars, and a horse for 125 dollars ; how much did he re- 
ceive for all ? 

OPERATION. Analysis. We arrange the numbers so 
4 . j that units of like order shall stand in the 

Jll same column. We then add the columns 

102 separately, for convenience commencing at 

262 *^® right hand, and write each result under 

•125 the column added. Thus, we have 5 and 2 

and 2 are 9, the sum of the units ; 2 and 6 

Amount, 389 are 8, the sum of the tens ; 1 and 1 and 1 

are 3, the sum of the hundreds. Hence, *^he 

entire amount is 3 hundreds 8 tens and 9 units, or 389, the Answer. 





EXAMPLES FOR 


PRACTICE. 




(2.) 

pounds. 

132 


(3.) 

rods. 

245 


(4.) 

cents. 

812 


(5.) 

d.1V8. 

437 


243 


321 


243 


140 


324 


132 


412 


321 



Ans. 699 

6. Whatisthesumof 144, 321, and232? Ans. 697. 

7. What is the amount of 122, 333, and 401 ? Ans. 856. 

8. What is the sum of 42, 103, 321, and 32 ? Ans. 498. 

9. A drover bought three droves of sheep. The first con- 
tained 230, the second 425, and the third 340 ; how many 
sheep did he buy m all ? Ans. 995. 

CASE II. 

41. When the amount of any column equals or 
exceeds 10. 

1. A merchant pays 725 dollars a year for the rent of a 
Case I is what ? Give explanation. Case K \a vjV4»1\ 



I 





OPERATION. 




U 

III 

725 




475 




367 


Bull of the niiitSi 


17 


Sam of the tens. 


15 


Sam of the handreds, 


14 


Total amount, 


1567 



22 SIMPLE NUMBERS. 

store, 475 dollars for a clerk, and 367 dollars for other ex- 
penses ; what is the amount of his expenses ? 

Analysis. Arranging the num- 
bers as in Case I, we first add the 
column of units, and find the sum 
to be 17 units, which is 1 ten and 
7 units. We write the 7 units in 
the place of units, and the 1 ten in 
the place of tens. The sum of the 
figures in the column of tens is 15 
tens, which is 1 hundred, and 5 
tens. We write the 5 tens in the 
place of tens, and the 1 hundred in 
the place of hundreds. We next 
add the column of hundreds, and find the sum to be 14 hundreds, 
which is 1 thousand and 4 hundreds. We write the 4 hundreds in 
the place of hundreds, and 1 thousand in the place of thousands. 
Lastly, by uniting the sum of the units with the sums of the tens 
and hundreds, we find the total amount to be 1 thousand 5 hundreds 
6 tens and 7 units, or 1567. 

This example may be performed by another method, which 
is the common one in practice. Thus : 

OPERATION. Analysis. Arranging the numbprs as before, we 
725 add the first column and find the sum to be 17 units; 

475 writing the 7 units under the column of units, we add 
Qg7 the 1 ten to the column of tens, and find the sum to be 

16 tens ; writing the 6 tens under the column tens, we 

1567 add the 1 hundred to the column of hundreds, and find 

the sum to be 15 hundreds ; as this is the last column, 
we write down its amount, 15 ; and we have the whole amount, 1567 , 
as before. 

Notes. 1. Units of the same order are written in the pame column ; 
and when the sum in any colimin is 10 or more than 10, it produces 
mxe or more units of a higher order, which must be added to the next 
column. This process is sometimes called «* carrying the tens." 

2. In adding, learn to pronounce the partial results without naming 
the numbers separately; thus, instead of sa3'ing 7 and 6 are 12, and 
6 are 17, simply pronounce the results, 7, 12, 17, &c. 

Give explanation. Second explanation. What is meant by carry- 
in;^ the tens f 




^ 
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43. From the preceding examples and illustrations we 
deduce the following 

Rule. I. Write the numbers to he added so that all the units 
of the same order shall stand in the same column ; that is, units 
under unitSj tens under tens, S^c, 

' II. Commencing at units, add each column separately^ and 
write the sum underneath, if it be less than ten, 

III. If the sum of any column be ten or more than ten, write 
the unit figure only, and add the ten or tens to the next column. 

IV. Write the entire sum of the last column. 

Proof. 1st Begin with the right hand or unit column, and 
add the figures in each column in an opposite direction from 
that in which they were first added ; if the two results agree, 
the work is supposed to be right. Or, 

2d. Separate the numbers added into two sets, by a hori- 
zontal line ; find the sum of each set separately ; add these 
sums, and if the amount be the same as that first obtained, the 
work is presumed to be correct. 

Note. By the methods of proof here given, the numbers are imited 
in new combinations, which render it almost impossible for two pre- 
cisely similar mistakes to occur. 

The first method is the one commonly used in business. 





EXAMPLES FOR 


PRACTICE. 




(2.) 


(3.) 


(4.) 


(5.) 


(6.) 


miles. 


inches. 


tons. 


feet. 


bushelu. 


24 


321 


427 


1342 


3420 


48 


479 


321 


7306 


7021 


96 


165 


903 


5254 


327 


82 


327 


278 


8629 


97 


250 


1292 


1929 


22531 


10805 



Rule, first step ? Second? Third? Fourth? Proof, first method ? 
Second ? Upon what principle are these methods of proof founded ? 



\ 
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(7.) 

hours. 

347 




(8.) 

years. 
7104 




(9.) 

gallons. 

3462 




(10.) 

rudn. 

47637 


506 




3762 




863 




3418 


218 




9325 




479 




703 


312 




4316 




84 




26471 


424 




2739 




57 




84 


11. 
12. 


42 + 
312 4 


64 -1- 98 + 70 
- 425 + 107 4 


+ 37 
-391H 


= how 
-76 = 


many? 
how ma 


Ans. 311. 

ny ? 



Ans. 1311. 

13. 1476 -f 375 + 891 -f 66 -f 80 = how many? 

Ans. 2888. 

14. 37042 + 1379 + 809 + 127 -f 40 = how many ? 

• Ans. 39397. 

15. What is the sum of one thousand six hundred fifty-six, 
eight hundred nine, three hundred ten, and ninety-four ? 

Ans. 2869. 

16. Add forty-two thousand two hundred twenty, ten thou- 
sand one hundred five, four thousand seventy-five, and five 
hundred seven. Ans. 56907. 

17. Add two hundred ten thousand four hundred, one hun- 
dred thousand five hundred ten, ninety thousand six hundred 
eleven, fortj^-two hundred twenty-five, and eight hundred 
ten. Ans. 406556. 

18. What is the sum of the following numbers : seventy- 
five, one thousand ninety-five, six thousand four hundred thir- 
ty-five, two hundred sixty-seven thousand, one thousand four 
hundred fifty-five, twenty-seven million eighteen, two hundred 
seventy million twenty-seven thousand ? Ans. 297303078. 

19. A man on a journey traveled the first day S7, miles, 
the second 33 miles, the third 40 miles, and the fourth 35 miles ; 
how far did he travel in the four days ? 

20. A wine merchant has in one cask 75 gallons, in another 
65, in a third 57, in a fourth 83, in a fifth 74, and in a sixth 
^7/ bow many gallons has he in all? Ans. 421. 
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21. An estate is to be shared equally by four heirs, and 
the portion to each heir is to be 3754 dollars ; what is the 
amount of the estate? Arts, 15016 dollars. 

22. How many men in an army consisting of 52714 in- 
fantry, 5110 cavalry, 6250 dragoons, 3927 light-horse, 928 
artillery, 250 sappers, and 40(> miners ? 

23. A merchant deposited 56 dollars in a bank on Monday, 
74 on Tuesday, 120 on Wednesday, 96 on Thursday, 170 on 
Friday, and 50 on Saturday ; how much did he deposit during 
the week? 

24. A merchant bought at public sale 746 yards of broad- 
cloth, 650 yards of muslin, 2100 yards of flannel, and 250 
yards of silk ; how many yards in all ? 

25. Five persons deposited money in the same bank ; the 
first, 5897 dollars; the second, 12980 dollars; the third, 
65973 dollars; the fourth, 37345 dollars; and the fif\h as 
much as the first and second together ; how many dollars did 
they all deposit ? Ans, 141072 dollars. 

26. A man willed his estate to his wife, two sons, and four 
daughters ; to his daughters he gave 2630 dollars apiece, to 
his sons, each 4647 dollars, and to his wife 3595 dollars; 
how much was his estate ? Ans. 23409 dollars. 



<27.) 


(28.) 


(29.) 


(30.) 


(31.) 


476 


908 


126 


443 


180 


390 


371 


324 


298 


976 


915 


569 


503 


876 


209 


207 


245 


891 


569 


314 


841 


703 


736 


137 


563 


632 


421 


517 


910 


842 


234 


127 


143 


347 


175 


143 


354 


274 


256 


224 


536 


781 


531 


324 


135 


245 


436 


275 


. 463 


253 
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82. A man commenced farming at the west, and raised, the 
fu:st year, 724 bushels of com ; the second year, 3498 bushels ; 
the tliird year, 9872 bushels; the fourth year, 9964 bushels; 
the fifth year, 11078 bushels; how many bushels did he raise 
in the five years ? Ans. 35136 bushels. 

33. A has 3648 dollars, B has 7035 dollars,- C has 429 
dollars more than A and B together, and D has as many dol- 
lars as all the rest ; how many dollars has D ? How many 
hayeall? Ans. All have 43590 dollars. 

34. A man bought three houses and lots for 15780 dollars, 
and sold them so as to gain 695 dollars on each lot ; for how 
much did he sell them ? Ans. 17865 dollars. 

35. At the battle of Waterloo, which took place June 18th, 
1815, the estimated loss of the French was 40000 men ; of 
the Prussians, 38000 ; of the Belgians, 8000 ; of the Hano- 
verians, 3500 ; and of the English, 12000 ; what was the entire 
loss of life in this battle ? 

86. The expenditures for educational purposes in New 
England for the year 1850 were as follows: Maine, 380623 
dollars; New Hampshire, 221146 dollars ; Vermont, 246604 
dollars ; Massachusetts, 1424873 dollars ; Rhode Island, 
136729 dollars ; and Connecticut, 430826 dollars ; what was 
the total expenditure ? Ans. 2840801 dollare. 

37. The eastern continent contains 31000000 square 
miles; the western continent, 13750000; Australia, Green- 
land, and other islands, 5250000 ; what is tlie entire area of 
the land surface of the globe ? 

38. The population of New York, in 1850, was 515547; 
Boston, 136881; Philadelphia, 340045; Chicago, 29963; 
St. Louis, 77860; New Orleans, 116375; what was the en- 
tire population of these cities? Ans. 1216671. 

39. The population of the globe is estimated as follows: 
North America, 39257819; South America, 18373188 ; Eu- 
rope, 265368216 ; Asia, 630671661 ; Africa, 61688779 ; 
Oceanica, 23444082; what is the total population of the 

£^]obe according to this estimate ? Ans. 1038803745. 
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40. The railroad distance from New York to Albany is 144 
miles ; from Albany to Buffalo, 298 ; from Buffalo to Cleveland, 
183 ; from Cleveland to Toledo, 109 ; from Toledo to Spring- 
field, 365 ; and from Springfield to St. Louis, 95 miles ; what 
is the distance from New York to St. Louis ? 

41. A man owns farms valued at 56800 dollars; city lots 
valued at 86760 dollars; a house worth 12500 dollars, and 
other property to the amount of 6785 dollars; what is the 



entire value of his 


property ? 


Ans. 162845 dollars. 


(42.) 


(43.) 


(44.) 


(45.) 


15038 


26881 


41919 


93808 


7404 


12173 


19577 


41371 


34971 


39665 


74736 


110525 


30359 


33249 


66768 


102936 


6293 


6318 


12673 


17087 


2875 


4318 


7193 


13251 


16660 


34705 


51365 


112110 


04934 


80597 


155497 


220619 


^0901 


95299 


183134 


225255 


7444 


8624 


16845 


68940 


57068 


53806 


111139 


176974 


17255 


18647 


35902 


86590 


32543 


41609 


82182 


149162 


40022 


35077 


75153 


109355 


56063 


46880 


132936 


283910 


33860 


41842 


82939 


112511 


17548 


26876 


44424 


72908 


28944 


36642 


65586 


157672 


16147 


29997 


52839 


8G160 


38556 


44305 


83211 


119557 


234882 


262083 


522294 


839398 


39058 


39744 


78861 


117787 


152526 


169220 


353428 


471842 


179122 


198568 


386214 


571778 


7626 


8735 


17005 


41735 



1218099 



1395860 



1 
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SUBTRACTION. 

MENTAL EXERCISES. 

4:3* 1. A farmer, having 14 cows, sold 6 of them; how 
many had he left ? 

Analysis. He had as many left as 14 cows less 6 cows, which 
are 8 cows. Therefore, he had 8 cows left. 

2. Stephen, having 9 marbles, lost 4 of them ; how many 
had he left? 

3. If a man earn 10 dollars a week, and spend 6 dollars for 
provisions, how many dollars has he left ? 

4. A merchant, having 16 barrels of flour, sells 9 of them; 
how many has he left ? 

5. Charles had 18 cents, and gave 10 of them for a book ; 
how many had he left ? 

6. James is 17 years old, and his sister Julia, is 5 years 
younger ; how old is Julia ? 

7. A grocer, having 20 boxes of lemons, sold 11 boxes; 
how many boxes had he left ? 

8. From a cistern containing 25 barrels of water, 15 bar* 
rels leaked out ; how many barrels remained ? 

9. Paid IG dollars for a coat, and 7 dollars for a vest; 
how much more did the coat cost than the vest ? 

10. How many are 18 less 5 ? 17 less 8 ? 12 less 7 ? 

] 1. How many are 20 less 14 ? 18 less 12 ? 19 less 11 ? 

12. How many are 11 less 3? 16 less 11? 19 less 8? 
20 less 9 ? 22 less 20 ? 

44. Subtraction is the process of determining the difter- 
ence, between two numbers of the same unit value. 

4*5. The Minuend is the number to be subtracted from. 

46* The Subtrahend is the number to be subtracted. 

DeSiw subtraction. Minuend. Subtxahend* 
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47. The Difference or Remainder is the result ohtained 
by the process of subtraction. 

Note. The minuend and subtrahend must be like numbers ; thus, 
6 dollars from 9 dollars leave 4 dollars ; 5 apples from 9 apples leave 4 
apples ; but it Avould be absurd to say 5 apples from 9 dollars, or 5 
dollars from 9 apples. 

4:8. TKe sign, — , is called minus, which signifies less. 
When placed between two 'numbers, it denotes that the one 
after it is to be taken from the one before it. Thus, 8 — 6 = 2 
is read 8 minus 6 equals 2, and denotes that 6, the subtrahend, 
taken from 8, the minuend, equals 2, the remainder. 



CASE I. 



49, When no figure in the subtrahend is greater 
than the corresponding figure in the minuend. 

1. From 574 take 323. 



OPERATION. 

574 
323 



Minuend, 
Subtrahend, 



Bemainder, 



251 



Analysis. We write the less num- 
ber under the greater, with units under 
units, tens under tens, &c., and draw 
a line underneath. Then, beginning at 
the right hand, we subtract separately 
each figure of the subtrahend from the 
figiure above it in the minuend. Thus, 3 from 4 leaves 1, which is the 
difference of the units ; 2 from 7 leaves 5, the difference of the tens ; 
3 from 5 leaves 2, the difference of the hundreds. Hence, we have 
for the whole difference, 2 hundreds 5 tens and 1 unit, or 251. 



EXAMPLES FOR PRACTICE. 





(2.) 


(3.) 


(4-) 


(5.) 


Minuend, 


876 


676 


367 


925 


Subtrahend, 
Bemainder, 


834 
542 


415 
261 


152 
215 


213 
712 



Case 1 is what ? Gttve explanation. 



\ 



so 
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(6.) (7.) 


(8.) 


(9.) 


From 


876 732 


987 


498 


Take 


523 522 


782 


178 
Remainders. 


10. 


From 3276 take 2143. 




1133. 


11. 


From 7634 take 3132. • 




4502. 


12. 


From 41763 take 11521. 




80242. 


13. 


From 18346 take 5215. 




13131. 


14. 


From 397631 take 175321. 




222310. 


' 15. 


Subtract 47321 from 69524. 




22203. 


16. 


Subtract 16330 from 48673. 




32343. 


17. 


Subtract 291352 from 895752. 




604400. 


18. 


Subtract 84321 from 397562. 




313241. 



19. A farmer paid 645 dollars for a span of horses and 
a airriage, and sold them for 522 dollars; how much did he 
lose ? 

20. A man bought a mill for 3724 dollars, and sold it for 
4856 dollars; how much did he gain ? Arts. 1132 dollars. 

21. A drover bought 1566 sheep, and sold 435 of them; 
how many had he left? Ans. 1131 sheep. 

22. A piece of land was sold for 2945 dollars, which was 832 
dollars more than it cost ; what did it cost ? 

23. A gentleman willed to his son 15768 dollars, and to 
his daughter 4537 dollars ; how much more did he will to the 
son than to the daughter? Ans. 11231 dollars. 

24. A merchant sold goods to the amount of 6742 dollars, 
and by so doing gained 2540 dollars ; what did the goods cost 
him ? 

25. If I borrow 15475 dollars of a person, and pay him 
4050 dollars, how much do I still owe him ? 

26. In 1850 the white population of the United States was 
19,553,068, and the slave population 3,204,313; how much 
was the diiference ? 

27. The population of Great Britain in 1851 was 20,936,468, 
uad of England alone, 16,921,888 ; what was the difference? 



OPERATION. 

(7) (13) 
Miooend, 8 4 


(10) 

6 


Subtrahend, 


3 5 


9 


Remainder, 


4 8 


7 
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CASE II. 

tJO. When any figure in the subtrahend is greater 
than the corresponding figure in the minuend. 
1. From 846 take 359. 

Analysis. In this example we 
cannot take 9 units from 6 units. 
From the 4 tens we take 1 ten, which 
equals 10 units, and add to the 6 
units, making 16 units ; 9 units from 
16 units leave 7 units, which we 
write in the remainder in units' place. As we have taken 1 ten 
from the 4 tens, 3 tens only are left We cannot take 5 tens from 
3 tens ; so from the 8 hundreds we take 1 hundred, which equals 10 
tens, and add to the 3 tens, making 13 tens; 5 tens from 13 
tens leave 8 tens, which we write in the remainder in tens' place. 
As we have taken 1 hundred from the 8 hundreds, 7 hundreds only 
are left; 3 hundreds from 7 hundreds leave 4 hundreds, which we 
write in the remainder in hundreds' place, and we have the whole 
remainder, 487. 

Note. The numbers written over the minuend are used simply to 
explain more clearly the method of subtracting ; in practice the pro- 
cess should be performed mentally, and these numbers omitted. 

The following method is more in accordance with prac- 
tice. 

OPERATION. Analysis. Since we cannot take 9 units from 6 
I .-a units, we add 10 units to 6 units, making 16 units ; 

. ^na 9 units from 16 units leave 7 units. But as we have 

^^^ added 10 units, or 1 ten, to the minuend, we shall 

359 have a remainder 1 ten too large, to avoid which, we 

J oy add 1 ten to the 5 tens in the subtrahend, making 6 

tens. We Can not take 6 tens from 4 tens ; so we add 
10 tens to 4, making 14 tens ; 6 tens from 14 tens 
leave 8 tens. Now, having added 10 tens, or 1 hundred, to the 
minuend, we shall have a remainder 1 hundred too large, unless we 
add 1 hundred to the 3 hundreds in the subtrahend, making 4 hun- 
dreds ; 4 hundreds from 8 hundreds leave 4 hundreds, and we have 
for the total remainder, 487, the same as before. 

Case II is what ? Give explanation, ^eeoix^ ^ic^^»»a&ssQL» 
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Note. The process of adding 10 to the minuend is sometiines called 
borrowing 10, and that of adding 1 to the next figure of the subtrahend, 
carryl'^iff one. 

51. From the preceding examples and illustrations we 
have ths following general 

Rule. I. Write the less ttumber under the greater^ placing 
units of the same order in the same column. 

II. Begin at the right hand, and take each figure of the sub- 
trahend from the figure above it, and write the result under- 
neath, 

III. If any figure in the subtrahend be greater than the cor- 
' responding figure above it, add 10 to that upper figure be- 
fore subtracting, and then add 1 to the next left hand figure of 
the subtrahend. 

Proof. Add the remainder to the subtrahend, and if their 
sum be equal to the minuend, the work is supposed to be right* 





EXAMPLES FOR 


PRACTICE. 




Miavrad, 


(2.) 
873 


(3.) 
7432 


(4-) 
1969 


(5.) 
8146 


Snbtrabei 


.d, 538 


0711 


1408 


4377 


Bemainde 


335 








From 


(6.) 

gallons. 

3176 


(7.) 

bushels. 

9076 


(8.) 

miles. 

7320 


(9.) 

days. 

5097 


Take 


2907 


4567 


3871 


3809 


From 


(10.) 

dollars. 
76377 


(11.) 

rods. 

67777 


(12.) 

acref. 

900076 


(13.) 

feet. 

767340 


Talce 


45761 


46699 


899934 


5039 



What do we mean by borrowing 10? By carrying } Rule, first step ? 
Second > Third? Proof? 



SUBTRACTION. 
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14. 479 — 382 = how many? 

15. 6593 — 1807 = how many? 

16. 17380 — 3417 = how many ? 

17. 80014 — 43190 = how many ? 

18. 282731 — 90756 = how many? 

19. From 234100 take 9970. 

20. From 345673 take 124799. 

21. From 4367676 take 256569. 

22. From 3467310 take 987631. 

23. From 941000 take 5007. 

24. From 1970000 take 1361111. 

25. From 290017 take 108045. 

26. Take 3077097 from 7045676. 

27. Take 9999999 from 60000000. 

28. Take 220202 from 4040053. 

29. Take 2199077 from 3000001. 

30. Take 377776 from 8000800. 

31. Take 501300347 from 1030810040. 

32. Subtract nineteen thousand nineteen from twenty thou* 
sand ten. Ans. 991. 

33. From one million nine thousand six take twenty thou- 
sand four hundred. Ans. 988606. 

.34. What is the difference between two million seven 
thousand eighteen, and one hundred five thousand seven- 
teen ? 



Ans. 97. 

Ans. 4786. 

A719. 13963. 

Arts. 36824. 

Ans. 191975. 



Ans. 4111107. 
Ans. 2479679. 

Ans. 935993. 

Ans. 608889. 

Ans. 3968579. 

Ans. 50000001. 

Ans. 3819851. 

Am. 800924. 

Ans. 7623024. 



EXAMPLES COMBINING ADDITION AND SUBTRACTION. 

S2* 1. A merchant gave his note for 5200 dollars. . He 
paid at one time 2500 dollars, and at another 175 dollars; 
what remained due ? Ans. 2525 dollars. 

2. A traveler who was 1300 miles from home, traveled 
homeward 235 miles in one week, in the next 275 miles, in thei 
next 325 miles, and in the next 280 miles ; how far had he 
still to go before he would reach home? Ans. 185 miles. 

3. A man deposited in bank 8752 dollars ; he drew out at 
one time 4234 dollars, at another 1700 dollars^ at auoth&i: Q^l 
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dollars, and at another 49 dollars ; how much had he remain- 
ing in bank ? Ans. 1807 dollars. 

4. A man bought a farm for 47 G5 dollars, and paid 750 
dollars for fencing and other improvements ; he then sold it for 
384 dollars less than it cost him ; how much did he receive 
for it? Ans. 5131 dollars. 

5. A forwarding merchant had in his warehouse 7520 bar- 
rels of flour; he shipped at one time 1224 barrels, at another 
time 1500 barrels, and at another time 1805 barrels; how 
many barrels remained ? 

6. A had 450 sheep, B had 175 more than A, and C 
had as many as A and B together minus 114 ; how many 
sheep had C ? Ans. 961 sheep. 

7. A farmer raised 1575 bushels of wheat, and 900 bushels 
of corn. He sold 807 bushels of wheat, and 391 bushels of 
corn to A, and the remainder to B ; how much of each did 
he sell to B ? Afis. 7G8 bushels of wheat, and 509 of corn. 

8. A man traveled 6784 miles; 2324 miles by railroad, 
1570 miles in a stage coach, 450 miles on horseback, 175 
miles on foot, and the remainder by steamboat ; how many 
miles did he travel by steamboat? Ans. 2265 miles. 

9. Three persons bought a hotel valued at 35680 dollars. 
The first agreed to pay 7375 dollars, the second agreed to 
pay twice as much, and the third the remainder ; how much 
was the third to pay ? Ans. 13555 dollars. 

10. Borrowed of my neighbor at one time 750 dollars, at 
another time 379 dollars, and at another 450 dollars. Having 
paid him 1000 dollars, how much do I still owe him? 

Ans. 579 dollars. 

11. A man worth 6709 dollars, received a legacy of 3000 
dollars. He spent 4379 dollars in traveling ; how much had 
he left? 

12. In 1850 the number of white males in the United 
States was 10026402, and of white females 9526666; of 
these, 8786968 males, and 8525565 females were native 

born; how many of both were foreign born? Ans. 2240535* 
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MULTIPLICATION. 

MENTAL EXERCISES. 

«S3f 1. What will 4 pounds of sugar cost, at 8 cents a 

pound ? ' 

Analysis. Four pounds will cost as much as the price, 8 cents 
taken 4 times ; thus, 8-(-8 + 8-(-8 = 32. But instead of adding, 
ti'e may say, — since one pound costs 8 cents, 4 pounds will cost 4 
dmes 8 cents, or 32 cents. 

2. If a ream of paper cost 3 dollars, what will 2 reams 
cost? 

3. At 7 cents a quart, what will 4 quarts of cherries 
cost ? 

4. At 12 dollars a ton, what will 3 tons of hay cost? 4 
tons? 5 tons? 

5. There are 7 days in 1 week ; how many days in 6 weeks ? 
in 8 weeks ? 

6. What will 9 cliairs cost, at 10 shillings apiece ? 

7. If Henry earn 12 dollars in 1 month, how much can he 
earn in 5 months ? in 7 months ? in 9 months ? 

8. What will 11 dozen of eggs cost, at 9 cents a dozen ? at 
10 cents ? at 12 cents ? 

9. When flour is 7 dollars a barrel, how much must be 
paid for 7 barrels ? for 9 barrels ? for 12 barrels ? 

10. At 9 dollars a week, what will 4 weeks' board cost ? 
7 weeks' ? 9 weeks' ? 

11. If I deposit 12 dollars in a savings bank every month, 
bow many dollars will I deposit in 6 months ? in 8 months ? 
in 9 months ? 

12. At 9 cents a foot, what will 4 feet of lead pipe cost ? 
7 feet? 10 feet? 

13. When hay is 8 dollars a ton, how much will 3 tons 
cost? 4 tons? 7 tons? 9 tons? II ton:^? 
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14. What will be the cost of 11 barrels of apples, at 2 doU 
lars a barrel ? at 3 dollars ? 

15. At 10 cents a pound, what will 9 pounds of sugar cost ? 
11 pounds? 12 pounds? 

54L» Multiplication is the process of taking one of two 
given numbers as many times as there are units in the othen 

5S. The MuItiplicaJid is the number to be taken. 

c>6. The Multiplier is the number which shows how 
many times the multiplicand is to be taken. 

57 • The Product is the result obtained by the process of 
multiplication. 

58. The Factors are the multiplicand and multiplier. 

Notes. 1. Factors are producers, and the multiplicand and mul- 
tiplier are called factors because they produce the product. 

2. Multiplication is a short method of performmg addition when 
the numbers to be added are equal. 

30* The sign, X, placed between two numbers, denotes 
that they are to be multiplied together ; thus 9 X 6 = 54, is 
read 9 times 6 equals 54. 





MULTIPLICATIOJf TA^.^ ) 




l'>^.-/.^^-^J^..^ 


. (.^,..V/£^''ti 




/IX 1= 1 


2 X ^1 = 2 ^' 


3X 1= 3 


4X 1= 4 


.*1X 2= 2 


2X 2= 4 


3X 2= 6 


4X 2= 8 


IX 3= 3 


2X 3= 6 


3X 3= 9 


4X 3 = 12 


IX 4= 4 


2X 4= 8 


3X 4 = 12 


4X 4 = 16 


IX 5= 5 


2X 5 = 10 


3X 5 = 15 


4X 5 = 20 


IX 6= 6 


2X 6 = 12 


3X 6 = 18 


4X 6 = 24 


IX 7= 7 


2X 7 = 14 


3X 7 = 21 


4X 7 = 28 


IX 8= 8 


2X 8=16 


3X 8 = 24 


4X 8 = 32 


IX 9= 9 


2X 9 = 18 


3X 9 = 27 


4X 9 = 36 


IX 10 = 10 


2X 10 = 20 


3X10 = 30 


4X10 = 40 


1X11 = 11 


2X11 = 22 


3X11=33 


4X11=44 


1X12 = 12 


2X12 = 24 


3X12 = 36 


4X 12=48 



Define multiplication. Multiplicand. Multiplier. Product. Fac*. 
tors. Multiplication is a short method of what ? What is the sign ol 
multiplication^ 
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5X 1= 5 


6X 1= 6 


7X 1= 7 


8X 1= 8 


5X 2 — 10 


6X 2=12 


7X 2 = 14 


8X 2=10 


5X 3=:15 


6X 3=18 


7X 3 = 21 


8X 3 = 24 


5X 4 = 20 


6X 4 = 24 


7X 4 = 28 


8X 4 = 32 


5X 5 = 25 


6 X 5 = 30 


7X 5 = 35 


8X 5 = 40 


5X 6 = 30 


6X 6 = 36 


7X 6 = 42 


8X 6 = 48 


5X 7 = 35 


6X 7 = 42 


7X 7 = 49 


8X 7 = 56 


5X 8 = 40 


6X 8 = 48 


7X 8 = 56 


8X 8 = 64 


oX 9 = 45 


6X 9 = 54 


7X 9 = 03 


8X 9 = 72 


5X10 = 50 


6X 10 = 60 


7X 10 = 70 


8X 10 = 80 


5X11 = 55 


6X11=66 


7X11 = 77 


8X11 = 88 


5X12== 60 


6X 12 = 72 


7X 12 = 84 


8X 12 = 96 



9X 1= 9 


10 X 1= 10 


11 X 1= 11 


12 X 1= 12 


9X ^= 18 


10 X 2= 20 


11 X 2= 22 


12 X 2= 24 


9X 3= 27 


10 X 3= 30 


11 X 3= 33 


12 X 3= 36 


9X 4= 36 


10 X 4= 40 


11 X 4= 44 


12 X 4= 48 


9X 5= 45 


10 X 5= 50 


llX 5 = 55 


12 X 5= 60 


9X 6= 54 


10 X 6= 60 


11 X 6= 66 


12 X 6= 72 


9X 7= 63 


10 X 7= 70 


11 X 7= 77 


12 X 7= 84 


9X 8= 72 


10 X 8= 80 


11 X 8= 88 


12 X 8= 96 


9X 9= 81 


10 X 9= 90 


11 X 9= 99 


12 X 9 = 108 


9X 10= 90 


10X10 = 100 


11X10=110 


12X10 = 120 


9X 11= 99 


10X11 = 110 


11 Xll = 121 


12X11 = 132 


9X 12 = 108 


10X12=120 


11 X12 = 132 


12X12 = 144 



CASE I. 

60. When the multiplier consists of one figure. 

1. Multiply 374 by 6. 

Analysis. In this example it i? 
required to take 374 six times.. If we 
take the units of each order 6 times, 
we shall take the entire number 6 
times. Therefore, writing the multi- 
plier under the unit figure of the mul- 
tiplicand, we proceed as follows: 6 
times 4 units are 24 units ; 6 times 7 
tens are 42 tens ; 6 times 3 hundreds 
are 18 hundreds; and adding these 
partial products, we obtain the entire 
product, 2244. ^ 

Case I is what } Give exTjAaxv«X\OTL. 



OPERATION. 




III 


Mnltiplicand, 


374 


Multiplier, 


6 


units, 


24 


tens, 


42 


hnndredfl, 


18 



Pnxiuct, 



2244 



1 
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The operation in this example may be performed in another 
way, which is the one in common use. 

OPERATION. Analysis. Writing the numbers as before, we 
374 begin at the right hand or unit figure, and say : 6 



6 

2244 



times 4 units are 24 units, which is 2 tens and 4 
units; write the 4 units in the product in units* 
place, and reserve the 2 tens to add to the next prod- 
uct ; 6 times 7 tens are 42 tens, and the two tens re- 
served in the last product added, are 44 tens, which is 4 hundreds 
and 4 tens ; write the 4 tens in the product in tens* place, and reserve 
the 4 hundreds to add to the next product ; 6 times 3 hundreds are 
18 hundreds, and 4 hundreds added are 22 hundreds, which, being 
written in the product in the places of hundreds and thousands, 
gives, for the entire product, 2244. 

61* The unit value of a number is not changed by re- 
peating the number. As the multiplier always expresses 
times, the product must have the same unit value as the mul- 
tiplicand. But, since the product of any two numbers will be 
the same, whichever factor is taken as a multiplier, either 
factor may be taken for the multiplier or multiplicand. 

Note. In multiplying, learn to pronounce the partial results, as in 
addition, without naming the numbers separately; thus, in the last 
example, instead of saying 6 times 4 are 24, 6 times 7 are 42 and 2 to 
carry are 44, 6 times 3 are 18 and 4 to carry are 22, pronounce only 
the results, 24, 44, 22, performing the operations mentally. This will 
greatly facilitate the process of multiplying. 



EXAMPLES FOB PRACTICE. 



Multiplicand, 


(2.) 
7324 


(3.) 
6812 


(4.) 
34651 


Multiplier, 


4 


6 


5 


Product, 


29296 


40872 


173255 


(5.) 
82456 


(6.) 
92714 


(7.) 
28093 


(8.) 
46247 


3 


7 


8 


9 









Second explanation. Repeating a number has what effect on the 
'Mu't value ? The product miut be ef the same kind as what ? 
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J 


Multiply 32746 by 5. 


Arts. 


163730. 


Multiply 840371 by 7. 


Ans. 


5882597. 


Multiply 137C29 by 8. 


Ans, 


1101032. 


Multiply 93762 by 3. 


Ans, 


281286. 


Multiply 543272 by 4. 


Ans, 


2173088. 


Multiply 703164 by 9. 


Ans. 


6328476. 
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9. 
10. 
11. 
12. 
13. 
14. 

15. What will be the cost of 344 cords of wood at 4 dol- 
lars a cord? Ans. 1376. 

16. How much will an army of 7856 men receive in one 
week, if each man receive 6 dollars? Ans. 47136 dollars. 

17. In one day are 86400 seconds ; how many seconds in 
7 days ? Ans. 604800 seconds. 

18. What will 7640 bushels of wheat cost, at 9 shillings a 
bushel ? Ans. 68760 shillings. 

19. At 5 dollars an acre, what will 2487 acres of land 
cost? Ans. 12435 dollars. 

20. In one mile are 5280 feet; how many feet in 8 miles ? 

Ans. 42240 feet. 

CASE II. 

63. When the multiplier consists of two or more 
figures. 

1. Multiply 746 by 23. 

OPERATION. Analysis. Writ- 

Muitipiicand, 746 "^g the multiplicand 

Multiplier, 23 ^"^ multiplier as in 

Case I, we first mul- 



2238 8 J tiJSfcand."" " tiply each figure in the 
1492 aojSSicVnd."^" multipHcand by the 

Product, 17158 «ll!Sf;.*l£""'- )injtfig:ureofthemul- 

(upiicmna. tiphcr, precisclv as m 

Case I. We then multiply by the 2 tens. 2 tens times 6 units, or 6 

times 2 tens, are 12 tens, equal to 1 hundred, and 2 tens ; we place the 

2 tens under the tens fi^re in the product already obtained, and add 

the 1 hundred to the next hundreds produced. 2 tens times 4 tens 

are 8 hundreds, and the 1 hundred of the last product added are 9 

hundreds ; we write the 9 in hundreds' place in the product. 2 teu& 

Case II is what > Owe ex9\Bx\a.^Qia» 
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times 7 hundreds are 14 thousands, equal to 1 ten thousand and 4 
thousands, which we write in their appropriate places in the product 
Then adding the two products, we have the entire product, 17158. 

Notes. 1. "When the multiplier contains two or more figures, the 
several results obtained by multiplying by each figure are called partial 
products. 

2. When there are ciphers between the significant figures of the 
multiplier, pass over them, and multiply by the significant figures only. 

63. Fi-om the preceding examples and illustrations we 
deduce the following general 

Rule. I. Write the multiplier under the mvltiplicand, placing 
units of the same order under each other, 

II. Multiply the multiplicand by each figure of the multi- 
plier successively, beginning with the unit figure, and write the 
first figure of each partial product under the figure of the mul- 
tiplier used, writing down and carrying as in addition. 

III. If there are partial products, add them, and their sum 
will he the product required. 

64:* Proof. 1. Multiply the multiplier by the multipli- 
cand, and if the product is the same as the first result, the 
work is correct. Or, 

2. Multiply the multiplicand by the multiplier diminished 
by 1, and to the product add the multiplicand ; if the sum be 
the same as the product by the whole of the multiplier, the 
work is correct. 

EXAMPLES FOR PRACTICE. 





(2.) 


(3.) 


(4.) 


Multiply 


4732 


8721 


17605 


By 


36 


47 


204 




28392 


61047 


70420 




14196 


34884 


35210 


Ans. 


170352 


409887 


8591420 



What are partial products ? When there are ciphers in the multi- 
pller, how proceed} Rule, first step? Second? Third? Proof; 
arsi method? Second} 
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(5.) (6 ) (7.) 

7648 81092 37967 

328 194 426 

8. How many yards of linen in 759 pieces, eacli piece con- 
taining 25 yards ? Ans. 18975 yards. 

9. Sound is known to travel about 1142 feet in a second of 
time ; how fiir will it travel in 69 seconds ? 

10 A man bought 36 city loU, at 475 dollars each ; how 
much did they all cost him ? Ans, 17100 dollars. 

11 What would be the value of 867 shares of railroad 
stock, at 97 dollars a share ? Ans. 81099 dollars. 

12. How many pages in 3475 books, if there be 362 
pages in each book? Ans. 1257950 pages. 

13. In a gaiTison of 4507 men, each man receives annually 
208 dollars ; how much do they all receive ? 

14. Multiply 7198 by 216. Ans. 1554768. 

15. Multiply 31416 by 175. Ans. 5497800. 

16. Multiply 7071 by 556. Ans. 3931476. 

17. Multiply 75649 by 579. Ans. 43800771. 

18. MuUiply 15607 by 3094. Ans. 48288058. 

19. Multiply 79094451 by 76095. Ans. 6018692248845. 

20. Multiply five hundred forty thousand six hundred nine^ 
by seventeen hundred fifty. Ans. 946065750. 

21. Multiply four million twenty-five thousand three hun- 
dred ten, by seventy-five thousand forty-six. 

Ans. 302083414260. 

22. Multiply eight hundred seventy-seven million five hun- 
dred ten thousand eight hundred sixty-four, by five hundred 
forty-five thousand three hundred fifty-seven. 

Ans. 478556692258448. 

23. If one mile of railroad require 116 tons of iron, worth 
65 dollars a ton, what will be the cost of sufficient iron to 
construct a road 128 miles in length? Ans. 965120 dollars. 
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CONTRACTIONS. 
CASE I. 

65. When tho multiplier is a composite number. 

A Composite Number is one that may be produced by 
multiplying together two or more numbers ; thus, 18 is a com- 
posite number, since 6 X 3 = 18 ; or, 9 X 2 = 18 ; or, 3 X 
3X2 = 18. 

66. The Component Factors of a number arc the sev- 
eral numbers which, multiphed together, produce the given 
number ; thus, the component factors of 20 are 10 and 2, 
(10 X 2 = 20 ;) or, 4 and 5, (4 X 5 = 20 ;) or, 2 and 2 and 
5, (2 X 2 X 5 = 20 ) 

Note. The pupil must not confound the factors with the parts of a 
number. Thus, the factors of which 12 is composed, are 4 and 3, 
(^4 X 3 = 12 ;) while the parts of which 12 is composed are 8 and 4, 
(8 -f- 4 = 120 or 10 and 2, (10 -f 2 = 12.) The factors are midtiplied, 
while the parts are added^ to produce the number. 

1. What will 32 horses cost, at 174 dollars apiece ? 

OPERATION. Analysis. The fac- 

Muitipiicand, 174 cost of 1 liorsc. tors of 32 are 4 and 



1st factor, 



^ 8. If we multiply the 

cost of 1 horse by 4, 



C9 6 cost of 4 horses, we obtain the cost of 4 
2d factor, 8 horses ; and by multi- 

Product. 5568 cost of 32 horses, f^""^ ^\ '^'^ ,f .^ 

horses by 8, we obtain 

the cost of 8 times 4 horses, or 32 horses, the number bought. 
67. Hence we have the following 

Rule. I. Separate the composite number into two or more 
factors. 

II. Multiply the multiplicand by one of these factors^ and 

AMiat are contractions? Case I is what? Define a composite 
number. Component factors. What caution is given? Give ex- 
pJanatioD. iiule, first step ? Second? 
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thai product by another, and so on vntil all the factors have 
been used successively ; the last product will be the product rc- 
quired. 

Note. The product of any number of factors will be the same in 
whatever order they are multipUed. Thus, 4 X 3 X ^ ^^ 60, and 
6X4X3 = 60. 

EXAMPLES FOR PRACTICE. 

2. Multiply 3472 by 48= 6 X 8. Ans. 1G665G. 

3. Multiply 147G1 by G4 = 8 X 8. 

4. Multiply 87034 by 81 = 3 X 3 X 0. Ans. 704075 1. 

5. Multiply 47326 by 120 = 6X5X4. 

6. Multiply 60315 by 96. Ans. 5700240. 

7. Multiply 201042 by 125. A7is. 36380250. 

8. If a vessel sail 436 miles in 1 day, how far will she sail 
in 56 days ? A71S. 24416 miles. 

0. How much will 72 acres of land cost, at 124 dollars an 
acre ? Ans. 8028 dollars. 

10. There are 5280 feet in a mile ; how many feet in 84 
miles? A71S. 443520 feet 

11. What will 120 yoke of cattle cost, at 125 dollars a 
yoke ? 

CASE II. 

68. When the multiplier is 10, 100, 1000, &c. 

If we annex a cipher to the muhiplicand, each figure is re- 
moved one place toward the left, and consequently the value of 
the whole number is increased tenfold, (33*) If two ciphers 
are annexed, each figure is removed two places toward the 
left, and the value of the number is increased one hundred 
fold ; and every additional cipher increases the value tenfold. 

69* Hence the following 

Rule. Annex as many ciphers to the midtiplicand as there 
are ciphers in the multiplier ; the number so formed will be 
die product required. 

Case II is what ? Give explaxvoLtioiL. "^AiXaX 



1 



44 SIMPLE NUMBERS. 

EXAMPLES FOR PRACTICE. 

1. Multiply 347 by 10. Ans. 3470. 

2. Multiply 4731 by 100. Ans. 473100. 

3. Multiply 13071 by 1000. 

4. Multiply 89017 by 10000. 

5. If 1 acre of land cost 36 dollars, what will 10 acres 
cost? Ans. 360 dollars. 

6. If 1 bushel of corn cost 65 cents, what will lOOQ bushels 
cost ? Ans. 65000 cents. 

CASE in. 

70. When there are ciphers at the right hand of 
one or both of the factors. 

1. Multiply 1200 by 60. 

OPERATION. Analysis. Both multiplicand and 

Multiplicand, 1200 multiplier may be resolved into their 

MuitiDiier 60 Component factors ; 1200 into 12 and 

' 100, and 60 into and 10. If these 

Product, 72000 several factors be multiplied together 

they will produce the same product as 

the given numbers, (67.) Thus, 12 X 6 = 72, and 72 X 100 = 

7200, and 7200 X 10 = 72000, which is the same result as in the 

operation. Hence the following 

Rule. Multiply the significant figures of the multiplicand 
by those of the multiplier, and to the product annex as many 
ciphers as there are ciphers on the right of both factors. 

examples for practice. 



, Multiply 
By 


(2.) 
4720 
340000 

1888 
1416 

1604800000 


f3.) 

10340000 

105000 




5170 
1034 

1085700000000 



Case in is what ? Give explaiiatioiv. "Rxiifr, 
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4. Multiply 70340 by 800400. Ans. 56300136000. 

5. Multiply 3400900 by 207000. Ans. 703986300000. 

6. Multiply 634003000 by 40020. Ans, 25372800060000. 

7. Multiply 10203070 by 50302000. 

Ans. 513234827140000. 

8. Multiply 30090800 by 600080. Ans. 18056887264000. 

9. Multiply eighty million seven thousand six hundred, by 
eight million seven hundred sixty. Ans. 640121605776000. 

10. Multiply fifty million ten thousand seventy, by sixty- 
four thousand. Ans. 3200644480000. 

11. Multiply ten million three hundred fifty thousand one 
hundred, by eighty thousand nine hundred. 

Ans. 837323090000. 

12. There are 296 members of Congress, and each one re- 
ceives a salary of 3000 dollars a year ; how much do they all 
receive ? 

EXAMPLES COMBINIXG ADDITION, SUBTRACTION, AND 
MULTIPLICATION. 

1. Bought 45 cords of wood at 4 dollars a cord, and 9 loads 
of hay at 13 dollars a load ; what was the cost of the wood 
and hay ? Ans. 297 dollars. 

2. A merchant bought 6 hogsheads of sugar at 31 dollars 
a hogshead, and sold it for 39 dollars a hogshead ; how much 
did he gain? 

3. Bought 288 barrels of flour for 1875 dollars, and sold 
the same for 9 dollars a barrel ; how much was the gain ? 

Ans. 717 dollars. 

4. If a young man receive 500 dollars a year salary and 
pay 240 dollars for board, 125 dollars for clothing, 75 dollars 
for books, and 50 dollars for other expenses, how much will 
he have left at the end of the year? Afis. 10 dollars. 

5. A farmer sold 184 bushels of wheat at 2 dollars a 
bushel, for which he received 67 yards of cloth at 4 dollars a 
yard, and the balance in groceries ; how much did his gro- 
ceries cost him ? 
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6. A sold a farm of 820 acres at 36 dollars an acre ; B 
sold one of 244 acres at 48 dollars an acre ; which received 
the greater sum, and how much? Ans. B, 192 dollars. 

7. Two persons start from the same point and travel in 
opposite directions, one at the rate of 35 miles a day, and the 
other 29 miles a day ; how far apart will they be in 16 days ? 

Ans, 1024 miles. 

8. A merchant tailor bought 14 bales of cloth, each bale 
containing 26 pieces, and each piece 43 yards; how many 
yards of cloth did he buy ? Ans. 15652 yards. 

9. If a man have an income of 3700 dollars a year, and his 
daily expenses be 4 dollars ; what will he save in a year, or 
365 days ? Ans. 2240 dollars. 

10. A man sold three houses ; for the first he received 
2475 dollars, for the second 840 dollars less than he received 
for the first, and for the third as much as for the other two ; 
how much did he receive for the three ? Ans. 8220 dollars. 

11. A man sets out to travel from Albany to Buffalo, a 
distance of 336 miles, and walks 28 miles a day for 10 days; 
how far is he from Buffalo ? 

12. Mr. C bought 14 cows at 23 dollars each, 7 horses at 
96 dollars each, 34 oxen at 57 dollars each, and 300 sheep at 
2 dollars each; he sold the whole for 3842 dollars ; how 
much did he gain? Ans. 310 dollars. 

13. A drover bought 164 head of cattle at 36 dollars a 
head, and 850 sheep at 3 dollars a head ; how much did he 
pay for all ? 

14. A banker has an income of 14760 dollars a year; he 
pays 1575 dollars for house rent, and four times as much for 
family expenses ; how much does he save annually ? 

Ans. 6885 dollars. 

15. A flour merchant bought 936 barrels of flour at 9 dol- 
lars a barrel ; he sold 480 ban-els at 10 dollars a barrel, and 
the remainder at 8 dollars a barrel ; how much did he gain or 
lose ? Ans. Gained 24 dollars. 
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MENTAL EXERCISES. 

71* 1. How many hats, at 4 dollars apiece, can be bought 
for 20 dollars ? 

Analysis. Since 4 dollars will buy one hat, 20 dollars will bay 
as many hats as 4 is contained times in 20, which is 5 times. There- 
fore, 5 hats, at 4 dollars apiece, can be bought for 20 dollars. 

2.- A man gave 16 dollars for 8 barrels of apples ; what 
was the cost of each barrel ? 

3. If 1 cord of wood cost 3 dollars, how many cords can 
be bought for 15 dollars ? 

4. At 6 shillings a bushel, how many bushels of corn can 
be bought for 24 shillings ? 

5. When flour is 6 dollars a barrel, how many barrels can 
be bought for 30 dollars ? 

6. If a man can dig 7 rods of ditch in a day, how many 
days will it take him to dig 28 rods ? 

7. If. an orchard contain 56 trees, and 7 trees in a row, 
how many rows are there ? 

8. Bought 6 barrels of flour for 42 dollars ; what was the 
cost of 1 barrel ? 

9. If a farmer divide 21 bushels of potatoes equa}ly 
among 7 laborers, how many bushels will each receive ? 

10. How many oranges can be bought for 27 cents, at 3 
cents each ? 

11. A farmer paid 35 dollars for sheep, at 5 dollars apiece; 
how many did he buy ? 

12. How many times 4 in 28 ? in 16? in 36 ? 

13. How many times 8 in 40 ? in 56 ? in 64 ? 

14. How many times 9 in 36? in 63? in 81 ? 

15. How many times 7 in 49 ? in 70 ? in 84 ? 
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73* Diyision is the process of finding how many times 
one number is contained in another. 

73. The Dividend is the number to be divided. 

74. The Divisor is the number to divide by. 

75. The ftnotient is the result obtained by the process of 
division, and shows how many times the divisor is contained 
in the dividend. 

Notes. 1. When the dividend does not contain the divisor an exact 
number of times, the part of the dividend left is called the remainder^ 
and it must be less than the divisor. 

2. As the remainder is always a part of the dividend, it i^ always 
of the same name or kind. 

3. When there is no remainder the division is said to be complete, 

76. The sign, -i-, placed between two numbers, denotes 
division, and shows that the number on the left is to be divided 
by the number on the right. Thus, 20 -^ 4 =i 5, is read, 20 
divided by 4 is equal to 5. 

Division is also indicated by writing the dividend ahove^ and 

12 
the divisor helow a short horizontal line ; thus, -— = 4, shows 

that 12 divided by 3 equals 4. 

CASE I. 

77. When the divisor consists of one figure. 

1. How many times is 4 contained in 848 ? 

OPERATION. Analysis. After writing the di\'isor 

on the left of the dividend, with a line 

Divisor 4 ^ 848* between them, we begin at the left hand 

V 8or, ) ^^^ ^^^ ^ ^ .^ contained in 8 hundreds, 

Quotient, 212 2 hundreds times, and write 2 in hun- 

dreds' place in the quotient; then 4 is 
contained in 4 tens 1 ten times, and write the 1 in tens' place in the 
quotient ; then 4 is contained in 8 units 2 units times ; and writing the 
2 in units' place in the quotient, we have the entire quotient, 212. 

Define division. Dividend. Divisor. Quotient. Kemainder. 
What is complete division ? What is the sign of division. Gaad I is 
what y Uive il»c o^plaoatioD. 



DIVISION. 4d 

2. How many times is 4 contained in 2884 ? 
OPERATiox. Analysis. As we cannot divide 2 thousands by 
4)2884 ^» ^® ^^® ^^® ^ thousands and the 8 hundreds to- 

gether, and say, 4 is contained in 28 hundreds 7 hun- 

•21 dreds times, which we write in hundreds* place in 

the quotient ; then 4 is contained in 8 tens 2 tens 
times, which we write in tens* place in the quotient ; and 4 is con- 
tained in 4 units 1 unit time, which we write in units' place in the 
quotient, and we have the entire quotient, 721. 

3. How many times is 6 contained in 1824 ? 

OPERATION. Analysis. Beginning as in the last example, w© 

6)1824 ''^y* 6 ^s contained in 18 hundreds 3 hundreds times, 

which we write in hundreds* place in the quotient ; 

^^^ then 6 is contained in 2 tens no times, and we write 

a cipher in tens* place in the quotient: and t^ftdng the 2 tens and 4 
units together, 6 is contained in 24 units 4 units times, which we 
write in units' place in the quotient, and we have 304 for the entire 
quotient. 

4. How many times is 4 contained in 943 ? 

operation. Analysis. Here 4 is contained in 9 

4x943 hundreds 2 hundreds times, and 1 hundred 

over, which, united to the 4 tens, makes 

235 ... 3 Rem. 14 tens ; 4 m 14 tens, 3 tens times and 2 
tens over, which, united to the 3 units, 
make 23 units ; 4 in 23 units 5 units times and 3 units over. The 
3 which is left after performing the division, should be divided by 4 ; 
but the method of doing it cannot be explained until we reach 
Fractions ; so we merely indicate the division by placing the divisor 
under the dividend, thus, |. The entire quotient is written 23of , 
which may be read, two hundred thirty-five and three divided by 
four J or, two hundred thu'ty-five and a remainder of three. 

From the foregoing examples and illustrations, we deduce 
the following 

Rule. I. Write the divisor at the left of the dividend, with 
a line between them. 



Second. l?hird. Eule, first step? 
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H. Beginning at the left hand^ divide ecuih figure of the 
dividend hy the divisor, and. write the result under the divi- 
dend, 

III. If there he a remainder after dividing any figure, re- 
gard it as prefixed to the figure of the next lower order in the 
dividend, and divide as before, 

IV. Shotdd any figure or part of the dividend he less than 
the divisor, write a cipher in the quotient, and prefix the num- 
ber to the figure of the next lower order in the dividend, and 
divide as before. 

V. Tj^ there he a remainder after dividing the last figure, 
place it over the divisor at the right hand of the quotient. 

Proof. Multiply the divisor and quotient together, and to 
the product add the remainder, if any ; if the result be equal 
to the dividend, the work is correct. 

Notes. 1 . This method of proof depends on the fact that division is 
the reverse of multiplication. The dividend answers to the product^ the 
divisor to one of ihe factors^ and the quotient to the other, 

2. In multiplication the two factors are given, to find the product : 
in division, the product and one of the factors are given to find the 
other factor. 



EXAMPLES FOR PRACTICE. 

1. Divide 7824 by 6. 

OPERATION. PROOF. 

Diviaor. 6)7824 DiTidend. 1304 Quotient. 



1304 Qaotient. 



(2.) 
4)65432 



(3.) 
5)89135 



Diviaor. 



7824 Dividend. 

(4.) 
6)178932 



(5.) 
7)4708935 



(6.) 
8)1462376 



(7.) 
9)7468542 



) 



Second Step? Third? Fourth? 
ion differ from multiplication } 



Fifth? Proof? How does divis- 
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8. Divide 3102455 by 5. 

9. Divide 1762891 by 4. 

10. Divide 546215747 by 11. 

11. Divide 30179624 by 12. 

12. Divide 9254671 by 9. 



Quotieiits. 



Quotients. 
620491. 
440722f. 
49655977. 
2514968^^. 
1028296f 
Rem. 



la Divide 7341568 by 7. 

14. Divide 3179632 by 5. 

15. Divide 19038716 by 8. 

16. Divide 84201763 by 9. 

17. Divide 2947691 by 12. 

18. Divide 42084796 by 6. 

Sums of quotients and remainders, 20680083. 28. 

19. Divide 47645 dollars equally among 5 men; how 
much will each receive ? Ans, 9529 dollars. 

20. In one week are 7 days; how many weeks in 17675 
days? Am. 2520 weeks. 

21. How many barrels, of flour, at 6 dollars a barrel, can be 
bought for 6756 dollars? • Ans. 1126 barrels. 

22. Twelve things make a dozen ; how many dozen in 
46216464? Ans. 3851372 dozen. 

23. How many barrels of flour can be made from 347560 
bushels of wheat, if it take 5 bushels to make one barrel ? 

Ans. 69512 barrels. 

24. If there be 3240622 acres of land in 11 townships, 
how many acres in each township ? 

25. A gentleman left his estate, worth 38470 dollars, to be 
shared equally by his wife and 4 children ; how much did 
each receive ? Ans. 7694 dollars. 

CASE II. 

78. When the divisor consists of two or more figures. 

Note. To illustrate more clearly the method of operation, we will 
first take an' example usually performed by Short Division. 

Case n is what ) 
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1. How many times is 8 contained in 2528 ? 
OPERATION. Analysis. As 8 is not contained in 2 thou- 

8 ) 2528 f 316 sands, we take 2 and 5 as one number, and con- 
2 i sider how many times 8 is contained in this 

paiiial dividend, 25 hundreds, and find that it 

12 is contained 3 hundreds times, and a remainder. 

8 To find this remainder, we multiply the divisor, 

"TT 8, by the quotient figure, 3 hundreds, and sub- 

tract the product, 24 hundreds, from the par- 
^^ tial dividend, 25 hundreds, and there remains 

1 hundred. To this remainder we bring down 
the 2 tens of the dividend, and consider the 12 tens a Second partial 
dividend. Then, 8 is contained in 12 tens 1 ten time and a remain- 
der ; 8 multiplied by 1 ten produces 8 tens, which, subtracted from 
12 tens, leave 4 tens. To this remainder we bring down the 8 units, 
and consider the 48 units the third partial dividend. Then, 8 is con- 
tained in 48 units 6 units times. Multiplying and subtracting as 
before, we find that nothing remains, and we have for the entire 
quotient, 316. 

2. How many times is 23 contained in 4807 ? 

OPERATION. Analysis. We first find how 

Divisor. Divid'd. Quotient many times 23 is contained in 48, 

23 ) 4807 ( 209 the first partial dividend, and place 

46 the result in the quotient on the 

2Q7 right of the dividend. We then 

multiply the divisor, 23, by the 
quotient figure, 2, and subtract the 
product, 46, from the part of tha 
dividend used, and to the remainder bring down the next figure of 
the dividend, which is 0, making 20, for the second partial dividend. 
Then, since 23 is contained in 20 no times, we place a cipher in the 
quotient, and bring down the next figure of the dividend, making a 
third partial dividend, 207 ; 23 is contained in 207, 9 times ; multi- 
plying and subtracting as before, nothing remains, and we have for 
the entire quotient, 209. 

Notes. 1 . A\Tien the process of dividing is performed mentally, and 
the results only are written, as in Case I, the operation is termed Short 
Division, 

2. When the whole process of division is written, the operation is 
termed Lonj Division. 

Give first explanation. Second. What is long division } What is 
^f ^ 4ivmQU ? Whe» ia each uaed ^ 
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3, Short Division is generally used when the divisor is a number 
that will allow the process of dividing to be performed mentally. 

From the preceding illustrations we derive the following 
general 

Rule. I. Write the divisor at the left of the dividend, as 
in short division, 

II. Divide the least number of the left hand figures in the 
dividend that will contain the divisor one or more times, and 
place the quotient at the right of the dividend, with a line he^ 
tween them. 

III. Multiply the divisor by this quotient figure, subtract 
the product from the partial dividend used, and to the remain^ 
der bring down the next figure of the dividend, 

IV. Divide as before, until all the figures of the dividend 
have been brought down and divided, 

V. If any partial dividend will not contain the divisor, 
place a cipher in the quotient, and bring down the next figure 
of the dividend, and divide as before, 

VI. If there be a remainder after dividing all the figures of 
the dividend, it must be written in the quotient, with the divi- 
sor underneath. 

Notes. 1. If any remainder be equal to^ or greater than the divisor, 
the quotient figure is too smaUt and must be increased. 

2, If the product of the divisor ^y the quotient figure be greater 
than the partial dividend, the quotient figure is too large^ and must be 
diminished. 

If 9. Proof. 1. The same as in short division. Or, 

2. Subtract the remainder, if any, from the dividend, and 
divide the difference by the quotient ; if the result be the same 
as the given divisor*, the work is correct. 

80. The operations in long division consist of five prin- 
cipal steps, viz. : — 

1st. Write down the numbers. 

Rule, first step ? Second? Third? Fourth? Fifth? Sixth? First 
direction ? Second ? Proof ? Recapitulate the ste^% m tXife\i ai\«.. 
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2d. Find how many times. 

3d. Multiply. 

4th. Subtract. 

5th. Bring down another figure. 



\ 



EXAMPLES FOR PRACTICE. 

3. Find how many times 36 is contained in 11798. 

OPERATION. PROOF BY MULTIPLICATIOW. 

Dividend. 



11798 ( 


327 Quotient. 


327 


Quotient. 


108 




36 


DiTisor. 


99 




1962 




72 




981 




278 




11772 




252 




26 


Rem&lndor* 


26 


Remalader. 


11798 


Dividend. 



4. Find how many times 82 is contained in 89634. 



OPERATION. 




PROOF BY DIVISION. 


85 ') 89034 ( 1093 




89634 Dividend. 


82 




8 Bemainder. 


763 


Quotient. 


1093 ) 89626 ( 82 DiTisor. 


738 




8744 


254 




2186 


246 




2186 


8 







5. Find how many times 154 is contained in 32740. 

6. Divide 32572 by 34. Arts. 958. * 

7. Divide 1554768 by 216. Ans. 7198. 

8. Divide 5497800 by 175. Ans. 31416. 

9. Divide 3931476 by 556. Ans. 7071. 
m Divide 10983588 by 132. Ans. 83209. 
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11. Divide 

12. Divide 

13. Divide 

14. Divide 

15. Divide 

16. Divide 

17. Divide 

18. Divide 

19. Divide 

20. Divide 

21. Divide 



73484248 by 19. 
8121918 by 21. 
10557312 by 16. 
93840 by 63. 
352417 by 29. 
51846734 by 102. 
1457924651 by 1204. 
729386 by 731. 
4843167 by 3605. 
49816657 by 9101. 
75867303 by 10115. 



Am. 3867592. 
An$. 386758. 
Ans. 659832. 

Mem, 33. 

Rem. 9. 

Hem, 32. 

Rem. 1051. 

Rem. 579. 

Rem. 1652. 

Rem. 6884. 

Rem. 4808. 



22. Divide 28101418481 by 1107- 

23. Divide 65358547823 by 2789. 
Divide 1020304050GO by 123456. 
Divide 48659910 by 54001. 
Divide 2331883961 by 6739549. 



Quotients. 
25385201. 
23434402. 
826451. 

901. 

346. 



Rem. 
974. 
645. 
70404. 
5009. 
7. 



24. 
25. 
26. 

27. A railroad cost one million eight hundred fifly thousand 
four hundred dollars, and was divided into eighteen thousand 
live hundred and four shares; what was the value of each 
share? Arts. 100 dollars. 

28. If a tax of seventy-two million three hundred twenty 
thousand sixty dollars be equally assessed on ten thousand 
seven hundred thirty-five towns, what amount of tax must 
each town pay? Ans, 67 3 6^^^% dollars. 

29. In 1850 there were in the United States 213 college 
libraries, containing 942321 volumes; what would be the 
average number of volumes to each library? 

Ans. 4424^7 vols. 

30. The number of post offices in the United States in 
1853 was 22320, and the entire revenue of the post office 
department was 5937120 dollars; what was the average 
revenue of each office? Ans. 266 dollars. 
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CONTKACTIONS. 
CASE I. 

81. When the divisor is a composite number. 

1. J£ 3270 dollars be divided equally among 30 men, how 
many dollars will each receive ? 

OPERATION. Analysis. K 3270 dollars be divided 

6)3270 equally among 30 men, each man will receive 

— J- as many dollars as 30 is contained times in 

6)654 3270 dollars. 30 may be resolved into the 

109 Ans. factors 5 and 6 ; and we may suppose the 30 

men divided into 5 groups of 6 men each ; 

dividing the 3270 dollars by 5, the number of groups, we have 

654, the number of dollars to be given to each group ; and dividing 

the 654 dollars by 6, the number of men in each group, we have 

109, the number of dollars that each man will receive. Hence, 

Rule. Divide the dividend hy one of the factors, and the 
quotient thus obtained hy another, and so on if there he more 
than two factors, until every factor has been made a divisor. 
The last quotient will he the quotient required, 

examples FOR PRACTICE. 

2. Divide 3690 by 15 = 3 X 5. 

3. Divide 3528 by 24 = 4 X 6. 

4. Divide 7280 by 35 = 5 X 7. 

5. Divide 6228 by 36 = 6 X 6. 

6. Divide 33642 by 27 = 3 X 9. 

7. Divide 153160 by 56 = 7 X 8. 

8. Divide 15625 by 125 = 5 X 5 X 5. 

8S. To find the true remainder. 
1. Divide 1 143 by 64, using the factors 2, 8, and L, and fii.d 
the true remainder. 

What are contractions > Case I is w^hat ? Give explanation. Rule; 



Ans. 


246. 


Ans, 


147. 


Ans. 


208. 


Ans. 


173. 


Ans. 


1246. 


Ans, 


2735. 


Ans. 


125. 
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OPERATION. Analysis. Divid- 

2)1143 ing 1143 by 2, we 

ft^n . ... 1 rem ^^""^ ^ quotient^ of 

^llll ^ ^^^ 671, and a remainder 

4)71 3X2= 6 " ofl undivided, which, 

~l7 ^ V ft V 2 — 4« « ^®^"S ^ P^^* °^ ^^® 

l/--tJX0Xi2 — 40 ^^^^ dividend, must 

55 true rem. also be a part of the 

true remainder. The 

571 being a quotient arising from dividing by 2, its units are 

2 times as great in value as the units of the given dividend, 1 143. 
Dividing the 571 by 8, we have a quotient of 71, and a remainder 
of 3 undivided. As this 3 is a part of the 571, it must be multiplied 
by 2 to change it to the same kind of units as the 1. This makes a 
true remainder of 6 arising from dividing by 8. Dividing the 7 1 by 
4, we have a quotient of 17, and a remainder of 3 undivided. This 

3 is a part of the 71, the units of which are 8 times as great in value 
as those of the 571, and the units of the 571 are 2 times as great 
in value as those of the given dividend, 1143 ; therefore, to change 
this last remainder, 3, to units of the same value as the dividend, 
we multiply it by 8 and 2, and obtain a true remainder of 48 arising 
from dividing by 4. Adding the three partial remainders, we obtain 
55, the true remainder. Hence, 

Rule. I. Multiply each partial remainder^ except thefirst^ 
hy all the preceding divisors, 

II. Add the several products with the first remainder^ and 
the sum will he the true remainder, 

EXAMPLES FOR PRACTICE. 









Rem. 


2. 


Divide 34712 by 


42 = 6 X 7. 


20. 


3. 


Divide 401376 by 


64 = 8 X 8. 


32. 


4. 


Divide 139074 by 


72 = 3 X 4 X 6. 


42. 


5. 


Divide 9078126 by 


90 = 3 X 5 X 6. 


6. 


6. 


Divide 18730627 by 


120 = 4 X 5 X 6. 


67. 


7. 


Divide 7360479 by 


96—2X6X8. 


63. 


8. 


Divide 24726300 by 


70 = 2 X 5 X 7. 


60. 


9. 


Divide 5610207 by 


84 = 7 X 2 X 6. 


15. 



Explain the process of finding the true remainder when dividing b^ 
the factors of a composite number. 
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CASE II. 

83. When the divisor is 10, 100, 1000, &c. 

1. Divide 374 acres of land equally among 10 men ; how 
many acres will each have ? 

OPERATION. Analysis. Since we have shown, 

110)3714 ^** *° remove a figure one place 

toward the left by annexing a cipher 

Quotient. 37 - - - 4 Rem. increases its value tenfold, or multi- 
or, 37^ acres. pUes it by 10, (68,) so, on the con- 

trary, by cutting off or taking away 
the right hand figure of a number, each of the other figures is removed 
one place toward the right, and, consequently, the value of each is 
diminished tenfold, or divided by 10, (32.) 

For similar reasons, if we cut off two figures, we divide by 
100, if three, we divide by 1000, and so on. Hence the 

Rule. J^rom the right hand of the dividend cut off as 
many figures as there are ciphers in the divisor. Under the 
figures so cut off, place the divisor, and the whole will form the 
quotient. 

examples for practice. 

2. Divide 4760 by 10. 

3. Divide 362078 by 100. 

4. Divide 1306321 by 1000. 

5. Divide 9760347 by 10000. 

6. Divide 2037160310 by 100000. 

CASE III. 

84. When there are ciphers on the right hand of 
the divisor. 

1. Divide 437661 by 800. 

OPERATION. Analysis. In this example we 

8100)4376161 resolve 800 into the factors 8 and 

100, and divide first by 100, by cut- 

547 - - - 61 Rem. ting off two right hand figures of the 

Caco II is what? Give explanation. Kule. Case HE is whatC 
Give explaji2tioiL 
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dividend, (§30 and we have a quotient of 4376, and a remainder of 
61. We next divide by 8, and obtain 547 for a quotient; and the 
entire quotient is 547^^. 



2. Divide 34716 by 900. 

OPERATION. 

9100 >347|16 

38 Quotieat 5, 2d rem. 

5 X 100 + 16 = 516, true rem. 

38|i§ 



J^, Ans. 



Analysis. Dividing 
as in the last example, we 
have a quotient of 38, and 
two remainders, 16 and 
5. Multiplying 5, the 
last remainder, by 100, 
the preceding divisor, and 
adding 16, the first remainder, (82,) we have 616 for the true re- 
mainder. But this remainder consists of the last remainder, 5, pre- 
fixed to the figures 16, cut off from the dividend. Hence, 

SS* When there is a remainder after dividing by the sig- 
nificant figures, it must be prefixed to the figures cut off from 
the dividend to give the true remainder ; if there be no other 
remainder, the figures cut off from the dividend will be the 
true remainder. 



3. 
4. 
5. 

6. 

7. 

8. 

9. 

10. 

11. 

miles. 



EXAMPLES FOR PRACTICE. 

Divide 34716 
Divide 1047634 
Divide 47321046 
Divide 2037903176 
Divide 976031425 
Divide 80013176321 
Divide 19070367428 



QooUents 


. Bern. 


88 


516 


436 


1234 


1051 


26046 




63176 




3425 




376321 


4584 


927428 



by 900. 
by 2400. 
by 45000. 
by 140000. 
by 92000. 
by 700000. 
by 4160000. 
Divide 379025644319 by 554000000. 89644319 

The circumference of the earth at the equator is 24898 
How many hours would a train of cars require to travel 
that distance, going at the rate of 50 miles an hour? 

Ans. 497 tf. 
12. The sum of 350000 dollars is paid to an army of 14000 
(nen ; what does each man receive ? Ans. 25 dollars. 



How is the terue remainder found ^ 
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EXAMPLES IN THE PRECEDING RULES. 

1. George Washington was born in 1732, and lived 67 
years ; in what year did he die ? Ans. in 1799. 

2. How many dollars a day must a man spend, to use an 
income of 1095 dollars a year ? Ans, 3 dollars. 

3. If I give 141 dollars for a piece of cloth containing 47 
y irds, for how much must I sell it in order to gain one dollar 
« yard ? Ans. 188 dollars. 

4. A speculator who owned 500 acres, 17 acres, 98 acres, 
and 121 acres of land, sold 325 acres; how many acres had 
he left? Ans. 411 acres. 

5. A dealer sold a cargo of salt for 2300 dollars, and gained 
625 dollars ; what did the cargo cost him ? 

Ans. 1675 dollars. 

6. If a man earn 60 dollars a month, and spend 45 dol- 
lars in the same time, how long will it take him to save 900 
dollars from his earnings ? 

7. If 9 persons use a baiTcl of flour in 87 days, how many 
days will a barrel last 1 person at the same rate ? 

Ans. 783 days. 

8. The first of three numbers is 4, the second is 8 times 
the first, and the third is 9 times the second; what is their 
sum ? Ans. 324. 

9. If 2, 2, and 7 are three factors of 364, what is the 
other factor ? Ans. 13. 

10. A man has 3 farms ; the first contains 78 acres, the 
second 104 acres, and the third as many acres as both the 
others ; how many acres in the 3 farms ? 

11. If the expenses of a boy at school are 90 dollars for 
board, 30 dollars for clothes, 12 dollars for tuition, 5 dollars 
for books, and 7 dollars for pocket money, what would be the 
expenses of 27 boys at the same rate ? Ans. 3888 dollars. 

12. Four children inherited 2250 dollars each; but one 
dying, the remaining three inherited the whole ; what was the 
share of each? Ans. 3000 dollars. 
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13. Two men travel in opposite directions, one at the rate 
of 35 miles a day, and the other at the rate of 40 miles a day ; 
how far apart are they at the end of 6 days ? 

14. Two men travel in the same direction, one at the rate 
of 35 miles a day, and the other at the rate of 40 miles a 
day ; how far apart are they at the end of 6 days ? 

15. A man was 45 years old, and he had been mittried 19 
years ; how old was he when married ? Ans. 26 years. 

f 16. Upon how many acres of ground can the entire popu- 
lation of the globe stand, supposing that 25000 persons can 
stand upon one acre, and that the population is 1000000000 ? 

Ans. 40000 acres. 

17. Add 384, 1562, 25, and 946; subtract 2723 from the 
sum ; divide the remainder by 97 ; and multiply the quotient 
by 142 ; what is the result ? Ans. 284. 

18. How many steps of 3 feet each would a man take in 
walking a mile, or 5280 feet? Ans. 1760 steps. 

19. A man purchased a house for 2375 dollars, and ex- 
pended 340 dollars in repairs ; he then sold it for railroad 

-stock worth 867 dollars, and 235 acres of western land val- 
ued at 8 dollars an acre ; how much did he gain by the trade ? 

Ans. 32 dollars. 

20. The salary of a clergyman is 800 dollars a year, and 
his yearly expenses are 450 dollars; if he be worth 1350 dol- 
lars now, in how many years will he be worth 4500 dollars ? 

Ans. 9 years. 

21. How many bushels of oats at 40 cctits a bushel, must 
be given for 1600 bushels of wheat at 75 cents a bushel ? 

Ans. 3000 bushels. 

22. Bought 325 loads of wheat, each load containing 50 
bushels, at 2 dollars a bushel ; what did the wheat cost ? 

23. If you deposit 225 cents each week in a savings bank, 
and take out 75 cents a week, how many cents will you have 
left at the end of the year ? Ans. 7800 cents. 

24. The product of two numbers is 31383450, and one of 
the numbers is 4050 ; what is the other number ? 
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25. The IlIinoiB Central Railroad is 700 miles long, and 
cost 31647000 dollars ; what did it cost per mile ? 

Ans. 45?10 dollars. 

2C. What number is that, which being divided by 7, the 
quotient multiplied by 3, the product divided by 5, and this 
quotient increased by 40, the sum will be 100? Ans. 700. 

27. How many cows at 27 'dollars apiece, must be given 
for 54 tons of bay at 17 dollars r .,on ? 

28. A mechanic receives bC dollars for 26 days* work, and 
spends 2 dollars a day for t^ .tj whole time ; how many dollars 
has he left ? Ans. 4 dollars. 

29. If 7 men can build a house in 98 days, how long would 
it take one man to build it ? Ans. 686 days. 

30. The number of school houses in the State of New 
York, in 1855, was 11,137 ; suppose their cash value to have 
been 5,301,212 dollars, what would be the average value? 

Ans. 476 dollars. ' 

31. A cistern whose capacity is 840 gallons has two pipes ; 
through one pipe 60 gallons run into it in an hour, and through 
the other 39 gallons run out in the same time ; in how many 
hours will the cistern be filled ? Ans. 40 hours. 

32. The average beat of the pulse of a man at middle age 
is about 4500 times in an hour ; how many times does it beat 
in 24 hours ? Ans. 108000 times. 

33. How many years from the discoveiy of America, in 
1492, to the year 1900? 

34. According to the census, Maine has 31766 square 
miles; New Hampshire, 9280; Vermont^ 10212; Massachu- 
setts, 7800; Rhode Island, 1306; Connecticut, 4674; and 
New York, 47000; how many more square miles has all 
New England than New York? 

35. What is the remainder after dividing 62530000 by 
87900? Ans. 83100. 

36. A pound of cotton has been spun into a thread 8 miles 
in length ; allowing 235 pounds for waste, how many pounds 
wiU it take to spin a thread to reach round the earth, suppos- 

ing the distance to be 25000 miles? Ans. SS60 ^unds. 



PROMlSCrOUS EXAMPLES. 68 

37. John has 8546 dollars, which is 342 dollars less than 
4 times as much as Charles has ; how many dollars has 
Charles? Ans. 2222 dollars. 

88. The quotient of one number divided by another is 37, 
the divisor 245, and the remainder 230; what is the divi- 
dend? Ans. 9295. 

39. What number multiplied by 72084 will produce 
5190048? Ans. 72. 

40. There are two numbers, the greater of which is 73 
times 109, and their difiereuce is 17 times 28 ; what is the less 
number? A?is. 7481. 

41. The sum of two numbers is 360, and the less is 114 ; 
what is the product of the two numbers ? Ans. 28044. 

42. What number added to 2473248 makes 2568754? 

Ans. 95506. 

43. A farmer sold 35 bushels of wheat at 2 dollars a bush- 
el, and 18 cords of wood at 3 dollars a cord; he received 9 
yards of cloth at 4 dollars a yard, and the balance in money ; 
how many dollars did he receive ? Ans. 88 dollars. 

44. A farmer receives 684 dollars a year for produce from 
his farm, and his expenses are 375 dollars a year ; how many 
dollars will he save in five years ? 

45. The salt manufacturer at Syracuse pays 58 cents for 
wood to boil one barrel of salt, 10 cents for boiling, 5 cents to 
the state for the brine, 28 cents for the packing barrel, and 3 
cents for packing and weighing, and receives 125 cents from 
the purchaser ; how many cents does he make on a barrel ? 

Ans, 21 cents. 

46. A company of 15 persons purchase a township of 
western land for 286000 dollars, of which sum one man pays 
6000 dollars, and the others the remainder, in equal amounts ; 
how much does each of the others pay ? Ans. 20000 dollars. 

47. If 256 be multiplied by 25, the product diminished by 
625, and the remainder divided by 35, what will be tlie quo- 
tient? " Ans. 165. 

48. Two men start from difierent places, distant 189 milea^ 
and travel toward each other; one goes 4 loA.^^^ «xv^^^ q^^x 
^ miles an hour; ia bow many hours vrVSL luicL*^^ XQL<^^\*'t 
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GENERAL PRINCIPLES OF DIVISION. 

86. The quotient in Division depends upon the relative 
values of the dividend and divisor. Hence any change in the 
value of either dividend or divisor must produce a change in 
the value of the quotient. But some changes may be produced 
upon both dividend and divisor, at the same time, that 
will not affect the quotient. The laws which govern these 
changes are called General Principles of Division^ which we 
will now examine. 

I. 54-^9 = 6. 

If we multiply the dividend by 3, we have 

54x3-^9=:162-^9 = 18, 

and 18 equals the quotient, 6, multiplied by 3. Hence, 
Multiplying the dividend by any number, multiplies the quotient 
by the same number, 

II. Using the same example, 54 ^ 9 = 6. 
If we divide the dividend by 3 we have 

Aj4 -^9 = 18-^9=2, 

and 2 = the quotient, 6, divided by 3. Hence, Dividing the 
dividend by any number, divides the quotient by the same 
number. 

III. If we multiply the divisor by 3, we have 

54-^9 X 3 = 54-^27=: 2, 

and 2 = the quotient, 6, divided by 3. Hence, Multiplying 
the divisor by any number, divides the quotient by the same 
number. 

IV. If we divide the divisor by 3, we have 

54 -j- § = 54 -^ 3 = 18, 



Upon what does the value of the quotient depend } What is the 
first ^neral principle of division? Second? Third? Fourth) 



GENERAL PRINCIPLES OP DIVISION. 65 

and 18 z= the quotient, 6, multiplied by 3. Hence, Dividing 
the divisor by any number, midtiplies the quotient by the same 
number. 

V. If we multiply both dividend and divisor by 3, we have 

54 X 3 -^ 9 X 3 = 162 ~ 27 = 6. 

Hence, Multiplying both dividend and divisor by the same num^ 
her, does not alter the value of the quotient, 

VI. If we divide both dividend and divisor by 3, we have 

A^--i-|:=18^3 = 6. 
Hence, Dividing both dividend and divisor by the same num-- 
her, does not alter the value of the quotient, 

Sy, These six examples illustrate all the different changes 
we ever have occasion to make upon the dividend and divisor 
in practical arithmetic. The principles upon which these 
changes are based may be stated as follows : 

Prin. L Multiplying the dividend multiplies the quotient ; 
and dividing the dividend divides the quotient, (8C« I and 11.) 

Prin. II. Multiplying the divisor divides the quotient ; and 
dividing the divisor multiplies the quotient. (86. Ill and IV.) 

Prin. HI. Midtiplying or dividing both dividend and 
divisor by the same number, does not alter the qttotient, {S6» 
V and VI.) 

88. These three principles may be embraced in one 

GENERAL LAW. 

A change in the dividend produces a like change in the 
quotient; but a change in the divisor produces an opposite 
change in the quotient. 

Note. If a mimber be multiplied and the product divided by the 
Fame number, the quotient will be equal to the number multiplied. 
Thus, 15 X 4 = 60, and 60 -f- 4 = 15. 

Fifth ? Sixth ? Into how many general principles can these be con- 
densed ? What is the first ? Second ? Third ? In what general law 
are these embraced ? 



} 
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EXACT DIVISORS. 

89. An Exac^ Divisor of a number is one that gives 
a whole number for a quotient. 

As it is frequently desirable to know if a number has an exact 
divisor, we will present a few directions that will be of assistance, 
particularly in finding exact divisors of large numbers. 

Note. A number whose unit figure is 0, 2, 4, 6, or 8 is called an- 
Eveti Number, And a number whose unit figure is 1, 3, 6, 7, or 9, is 
called an Odd Number, 

2 is an exact divisor of all even numbers. 

4 is an exact divisor when it will exactly divide the tens 
and units of a number. Thus, 4 is an exact divisor of 268, 
756, 1284. 

5 is an ex^ct divisor of every number whose unit figure is 
or 5. Thus, 5 is an exact divisor of 20, 955, and 2840. 

8 is an exact divisor when it will exactly divide the hun- 
dreds, tens, and units of a number. Thus, 8 is an exj^ct 
divisor of 1728, 5280, and 213560. 

9 is an exact divisor when it will exactly divide the sum of 
the digits of a number. Thus, in 2486790, the sum of the 
digits 2 + 4+8 + 6 + 7+9 + = 36, and 36 — 9 = 4. 

10 is an exact divisor when occupies units' place. 
100 when 00 occupy the places of units and tens. 

1000 when 000 occupy the places of units, tens, and hun- 
dreds, &c. 

A composite number is an exact divisor of any number, 
w^hen all its factors are exact divisors of the same number. 
Thus, 2, 2, and 3 are exact divisors of 12 ; and so also are 4 
(=2X2) and 6 (=2X3). 

An even number is not an exact divisor of an odd number. 

If an odd number is an exact divisor of an even number, 

"Wliat is an exact divisor ? "What is an even number ? An odd num- 
ber? When is 2 an exact divisor ? 4? 5? 9? 10? 100? 1000? 
When is a composite number an exact divisor ? An even number is 

not an exact divisor of what ? An odd number is an exact divisor of 

what? 
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twice that odd number is also an exact divisor of the even 
number. Thus, 7 is an exact divisor of 42 ; so also is 7 X 2, 
or 14. 



PRIME NUMBERS. 

90. A Prime Number is one that can not be resolved 
or separated into two or more integral factors. 

For reference, and to aid in determining the prime factors 
of composite numbers, we give the following : — 

TABLE OF PRIME NUMBERS FROM 1 TO 1000. 



1 


59 


139 


233 


337 


439 


557 


653 


769 


883 


2 


61 


149 


239 


347 


443 


563 


6c?9 


773 


887 


3 


67 


151 


241 


349 


449 


569 


661 


787 


907 


5 


71 


157 


251 


353 


457 


571 


673 


797 


911 


7 


73 


163 


257 


359 


461 


577 


677 


809 


919 


11 


79 


167 


263 


367 


403 


687 


683 


811 


929 


13 


83 


173 


269 


373 


467 


593 


691 


821 


937 


17 


89 


179 


271 


379 


479 


599 


701 


823 


941 


19 


97 


181 


277 


383 


487 


601 


709 


827 


947 


23 


101 


191 


281 


389 


491 


607 


719 


829 


953 


29 


103 


193 


283 


397 


499 


613 


727 


839 


967 


31 


107 


197 


293 


401 


503 


617 


733 


853 


971 


37 


109 


199 


307 


409 


509 


619 


739 


857 


977 


41 


113 


211 


311 


419 


521 


631 


743 


859 


983 


43 


127 


223 


313 


421 


523 


641 


751 


863 


991 


47 


131 


227 


317 


431 


541 


643 


757 


877 


997 


53 


137 


229 


331 


433 


547 


647 


761 


881 





FACTOllINa NUMBERS. 
CASE I. 

91. To resolve any composite number into its 
prime factors. 



"Whai is a prima number ? Li fl^ctoriiig n\uxibeia^ Cofsfe \ Sa -"^YnsX^ 
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1. What are the prime factors of 2772 ? 



OPERATION. Analysis. We divide the given number by 

2772 2, the least prime factor, and the result by 2j 

this gives an odd number for a quotient, divisible 

^^^^ by the prime factor, 3, and the quotient resulting 

QQ3 from this division is also divisible by 3. The 

n xt quotient, 77, we divide by its least prime 

^^^ factor, 7, and we obtain the quotient 11 ; this be 

yy irg a prime number, the division can not be car- 

ried further. The divisors and last quotient, 2, 

^1 2, 3,-3, 7, and 11 are»all the prime factors of tho 

1 given number, 2772. Hence the 



2 
2 
3 
3 

7 
11 



Rule. Divide the given number by any prime factor ; di- 
vide the quotient in the same manner^ and so continue the 
division until the quotieiit is a prime number. The several 
divisors and the last quotient will be the prime factors required* 

Proof. The product of all the prime factors will be the 
given number. 

EXAMPLES FOR PRACTICE. 

2. What are the prime factors of 1 1 40 ? Ans. 2 2, 3, 5, 19* 

3. What are the prime factors of 29925 ? 

4. What are the prime factors of 2431 ? 

5. Find the prime factors of 12673. 

6. Find the prime factors of 2310. 

7. Find the prime factors of 2205. 

8. What are the prime factors of 13981 ? 

CASE n. 

92o To resolve a number into all the diflFerent sets 
of factors possible. 

1. In 36 how many sets of factors, and what are thej? 
Giro explanation. Rule. Proof. Case 11 is v.'hat ? 



36=^ 
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OPERATION. Analysis. Writing the 36 at 

2 X 18 ^^® ^^^ °^ ^^® ^^S^ ^^» ^'® arrange 

3 v^ 22 *^^^ ^^® different sets of factors into 
A \^ Q which it can be resolved under 

^ each other, as shown in the opera- 

^ tion, and we find that 36 can be 

2X2X9 resolved into 8 sets of factors. 

2X3X6 
3X3X4 
2X2X3X3 

EXAMPLES FOB PRACTICE. 

2. How many sets of factors in the number 24 ? What 
are they ? Ans. 6 sets. 

3. In 125 how many sets of factors ? What are they ? 

Ans. 2 sets. 

4. In 40 how many sets of factors, and what are they ? 

Ans. 6 sets. 

5. In 72 how many sets of factors, and what are they ? 

Ans. 15 sets. 

CANCELLATION. 

93* Cancellation is the process of rejecting equal factors 
from numbers sustaining to each other the relation of dividend 
and divisor. 

It has been shown (77) that the dividend is equal to the 
product of the divisor multiplied by the quotient. Hence, if 
the dividend can be resolved into two factors, one of which is 
the divisor, the other factor will be the quotient. 
1. Divide 63 by 7. 

OPERATION. Analysis. We see in 

Diyisor, !3f)!? X 9 Dividend. this example that 63 is 

composed of the factors 7 

9 Quotient. ^^d 9^ ^nd that the factor 

7 is equal to the divisor- 
Therefore we reject the factor 7, and the remaining factor, 9, is the 
quotient. 

Give explanation. What is cancellation ? Upon what principle is 
it baaed } Give first explanation. 
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94:. Whenever the dividend and divisor are each composite 
numbers, the factors common to both may first be rejected 
without altering the final result. (87^ Prin. III.) 

2. What is the quotient of 24 times 56 divided bj 7 times 
48? 

OPERATION. Analysis. 

24X56 4x0X:rX$ ,' We first tn- 

= = 4^ Ans. dicate the op- 

7x48 /ifX0X$ eration to he 

performed by 
writing the numbers which constitute the dividend above a line, and 
those which constitute the divisor below it. Instead of multiplying " 
24 by 56, in the dividend, we resolve 24 into the factors 4 and 6, 
and 56 into the factors 7 and 8 ; and 48 in the divisor into the fac- 
tors 6 and 8. We next cancel the factors 6, 7, and 8, which are 
common to the dividend and divisor, and we have left the factor 4 
in the dividend, which is the quotient 

Note. "When all the &ctors or numbers in the dividend are can- 
celed, 1 should be retained. 

9S* If any two numbers, one in the dividend and one in 
the divisor, contain a common factor, we may reject that factor. 

3. In 54 times 77, how many times 63 ? 

OPERATION. Analysis. In this example we see that 9 will 

6 11 divide 54 and 63 ; so we reject 9 as a factor of 54, 

^^ fu^ and retain the factor 6, and also as a factor of 63, 

p^ X ^^ a„^ reXjdiTi the factor 7.* Again, 7 will divide 7 in 

0jj the divisor, and 77 in the dividend. Dividing 

mf both numbers by 7, 1 will be retained in the 

divisor, and 11 in the dividend. Finally, the 

product of 6 X 1 1 := 66, the quotient 

4. Divide 25 X 16 X 12 by 10 X 4 X 6 X 7. 



OPERATION. 

5 4 ;2 


-za- 


= 2f 


Analysis. In 
this, as in the pre- 
ceding example, we 
reject all the fac- 
tors that are com- 
mon to both divi- 
dend and divisor, 


i0XiX$X'l 7 


' 7 ' 



Give second explanatVoiv. 
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and we have remaining the factor 7 in the divisor, and the factors 5 and 
4 in the dividend. Completing the work, we have ^ = 2ft, A)i8. 

From the preceding examples and illustrations we derive 
the following 

Rule. I. Write the numbers composing the dividend above 
a horizontal line, and the numbers composing the divisor 
below it. 

II. Cancel all the factors common to both dividend and 
divisor. 

III. Divide the product of the remaining factors of the div- 
idend by the product of the remaining fa^^tors of the divisor, 
and the result will be the quotient. 

Notes. 1. Rejecting a &ctor from any nmnber is dividing the number 
by that factor. 

2. AVhen a &ctor is canceled, the unit, 1, is supposed to take its 
place. 

3. One factor in the dividend will cancel only one equal factor in the 
divisor, 

4. K all the factors or numbers of the divisor are canceled, the 
product of the remaining factors of the dividend will be the quotient. 

5. By many it is thought more convenient to write the factors of 
the dividend on the right of a vertical line, and the factors of the divisor 
on the left. 

EXAMPLES FOR PRACTICE. 

1. What is the quotient of 16 X 5 X 4 divided by 20 X 8 ? 

FIRST OPERATION. SECOND OPERATION. 

3 






^0X0 






2, Am. 
2. Divide the product of 120 X 44 X 6 X 7 by 72 X 33 X 14. 

Rule, first step ? Second? Third? "What is the effect of rejecting 
s fiustor ? What is the quotient when, all the factors in the divuiDr are 
canceled? 



\ 
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FIRST OPERATION. 



10 



TtftxUxii 3 

$ s i 



'y'rrei. Am. 



SECOND OPEBATION. 



10 



> 


ift0 


> 


U 


^u 







•jt 


s 


20 



03, 



Arts. 



3. Divide the product of 33 X 35 X 28 bj 11 X 15 X 14 

Ans. 14. 

4. What is the quotient of 21 X 11 X 26 divided by 14 X 
13? Ans. 33. 

5. Divide the product of the numbers 48, 72, 28, and 5, by 
the product of the numbers 84, 15, 7, and 6, and give the 
result. Ans. 9^. 

6. Divide 140 X 39 X 13 X 7 by 30 X 7 X 26 X 21. 

Ans. 4 J. 

7. What is the quotient of 66 X 9 X 18 X 5 divided by 
22 X 6 X 40 ? Ans. IO4. 

8. Divide the product of 200 X 36 X 30 X 21 by 270 X 
40 X 15 X 14. Ans. 2. 

9. Multiply 240 by 56, and divide the product by 60 mul- 
tiplied by 28. Ans. 8. 

10. The product of the numbers 18, 6, 4, and 42 is to be 
divided by the product of the numbers 4, 9, 3, 7, and 6 ; what 
is the result ? Ans. 4. 

11. How many tons of hay, at 12 dollars a ton, must be 
given for 30 cords of wood, at 4 dollars a cord ? Ans. 10 tonsi^ 
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12. How many firkins of butter, each containing 56 pounds, 
at 13 cents a pound, must he given for 4 barrels of sugar, each 
containing 182 pounds, at 6 cents a pound ? Ans. 6 firkins. 

13. A tailor bought 5 pieces of cloth, each piece containing 
24 yards, at 3 dollars a yard. How many suits of clothes, at 
18 dollars a suit, must be made from the cloth to pay for it? 

Alls. 20 suits. 

14. How many days' work, at 75 cents a day, will pay for 
115 bushels of corn, at 50 cents a bushel? Ans. 76 J days. 

GREATEST COMMON DmSOR. 

96. A Common Divisor of two or more numbers is a 
number that will exactly divide each of them. 

97. The Greatest Common Divisor of two or more num- 
bers is the greatest number that will exactly divide each of 
them. 

Numbers prime to each other are such as have no common 
divisor. 

Note. A common divisor is sometimes called a Common Measure ; 
and the greatest common divisor, the Greatest Common Measure, 

CASE I. 

98. When the numbers are readily factored. 

1. What is the greatest common divisor of 6 and 10 ? 

Ans. 2. 

OPERATION, Analysis. We readily find by inspection 

6 . . 1 -that 2 will divide both the given numbers ; 

-" hence 2 is a common divisor; and since the 

^ • • £_ quotients 3 and 5 have no common factor, but 

are prime to each other, the common divisor, 
2, must be the greatest common divisor. 

2, What is the greatest common divisor of 42, 63, and 105 ? 

VThat is a common divisor? The greatest common divisor? A 
common measure ? The greatest common measure ? "What is Case I ? 
Give analysis. 

4 



8 


42 . . 63 . . 105 


7 


14. .21.. 85 




2.. 3.. 5 
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OPERATION. Analysis. We observe that 3 

will exactly divide each of the given 
numbers, and that 7 will exactly 
divide each of the resulting quo- 
tients. Hence, each of the given 

numbers can be exactly divided by 3 

^ X 7 — 21, Ans. tjnjgg 7 . j^^^ ^ggg numbers must*be 

component factors of the greatest 
common divisor. Now, if there were any other component fkctor of 
the greatest common divisor, the quotients, 2, 3, 5, would be exactly 
divisible by it But these quotients are prime to each other. Hence 
3 and 7 are all the component factors of the greatest common divisor 
sought 

3. What is the greatest common divisor of 28, 140, and 280? 

OPERATION. Analysis. We first di^dde by 4 ; 

28 . . 1 40 . . 280 t^®n ^he quotients by 7. The re- 

~ ""J^ — suiting quotients, 1, 5, and 10, are 

7 . . 3o . . 70 prime to fiach other. Hence 4 and 

1 . . 5 . . 10 7 are all the component factors of 

the greatest common divisor. 

4X7 = 28, Ans. 

From these examples and analyses we derive the following 

Rule. I. Write the numbers in a line, with a vertical line 
at the lejt, and divide by any factor common to all the numbers, 

II. Divide the quotients in like manner ^ and continue' the 
division till a set of quotients is ohtained that have no common 
factor. 

III. Multiply all the divisors together^ and the product will 
be the greatest common divisor sought 

EXAMPLES FOR PRACTICE. 

' 1. What is the greatest common divisor of 12, 36, 60, 72 ? 

Ans. 12. 
2. What is the greatest common divisor of 18, 24, 30, S6, 
42? Ans. 6. 

Kule, first step^ Second? Third? 
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3. What is the greatest common divisor of 72, 120, 240, 
384? ^ns. 24. 

4. What is the greatest common divisor of 36, 126, 72, 
210? Am. 18. 

5. What is the greatest common divisor of 42 and 112 ? 

Ans. 14. 

6. What is the greatest common divisor of 32, 80, and 
256? Ans, 16. 

7. What is the greatest common divisor of 210, 280, 350, 
630, and 840 ? Ans. 70. 

8. Wliat is the greatest common divisor of 300, 525, 225, 
and 375 ? Ans. 75. 

9. What is the greatest common divisor of 252, 630, 1134, 
and 1386? Ans. 12G. 

10. AVhat is the greatest common divisor of 96 and 544 ? 

Ans. 32. 

11. What is the greatest common divisor of 468 and 1184? 

Ans. 4. 

12. What is the greatest common divisor of 200, 625, and 
150? Ans. 25. 

CASE 11. 

99. When the numbers can not be readily factored. 

As the analysis of the method under this case depends upon 
three properties of numbers which have hot been introduced, 
we present them in this place. 

I. An exact divisor divides any number of times its dividend. 

II. A common divisor of two numbei*s is an exact divisor 
of their sum. ^ 

III. A common divisor of two numbers is an exact divisor 
of their difference. 



"SVhat is Case 11 ? What is the first principle upon which it is 
founded? Second? Third? 
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1. What is the greatest common divisor of 84 and 203 ? 



OPERATION. 

203 
168 

28 



84 


2 


70 


2 


14 


2 


14 


2 








14 2 7, Jn& 



Analysis. We draw two vertical 
lines, and place the larger number on 
the right, and the smaller number on 
the left, one line lower down. We 
then divide 203, the larger number, by 
84, the smaller, and write 2, the quo- 
tient, between the verticals, the prod- 
uct, 168, opposite, under the greater 
number, and the remainder, 35, below. 
We next divide 84 by this remainder, 
writing the quotient, 2, between the verticals, the product, 70, on the 
left, and the new remainder, 14, below the 70. We again divide the 
last divisor, 35, by 14, and obtain 2 for a quotient, 28 for a product, 
and 7 for a remainder, all of which we write in the same order as in 
the former steps. Finally, dividing the last divisor, 14, by the last 
remainder, 7, and we have no remainder. 7, the last divisor, is the 
greatest common divisor of the given numbers. 

In order to show that the last divisor in such a process is 
the greatest common divisor, we will first trace the work in the 
reverse order, as indicated by the arrow line below. 



84 



70 



14 



14 



OPERATION. 7 divides the 14, as proved 

by .the last division; it will 

also divide two times 14, or 28, 

(I.) Now, as 7 divides both 

itself and 28, it will divide 35, 

their sum, (II.) It will also 

divide 2 times 35, or 70, (I ;) 

and since it is a common 

divisor of 70 and 14, it must 

divide their sum, 84, which 

is one of the given numbers, 

-^ 7 (II.) It will also divide 2 

times 84, or 168, (I;) and 

since it is a common divisor of 168 and 35, it must divide their 

sum, 203, the larger number, (11.) Hence 7 is a common divisor 

of the given numbers. 

Again, tracing the work in the direct order, as indicated below, we 



203 



168 



35 



28 



Give analyaU. 
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know that the greatest common divisor, whatever it be, must divide 
^ 2 times 84, or 168, (1.) Then 

V 203 since it will divide both 168 

and 203, it must divide their 



84 



^ 



70 r-- 
14 



28 



^^ difference, 35, (III.) It will 

also divide 2 times 35, or 70, 
(I ;) and as it will divide both 
35 70 and 84, it must divide their 

difference, 14, (III.) It will 
also divide 2 times 14 or 28. 
(I ;) and as it will divide both 
28 and 35, it must divide their 
difference, 7, (III;) hence, it 
cannot be greater than 7. 

Thus we have shown, 

1st That 7 is a common divisor of the given numbers. 

2d. That their greatest common divisor, whatever it be, 
cannot be greater than 7. Hence it must be 7. 

From this example and analysis, we derive the following 

Rule. I. Dram two verticals, and write the two numbers^ 
one on each side, the greater number one line above the less. 

II. Divide the greater number by the less, ivriting the quo- 
tient between the verticals, the prodiict under the dividend, and 
the remainder below, 

III. Divide the less number by the remainder, the last divisor 
hy the last remainder^ and so on, till nothing remains. The 
last divisor will be the greatest common divisor sought. 

IV. If more than two numbers be given, first find the greatest 
common divisor of two of them, and then of this divisor and one 
of the remaining numbers, and so on to the last ; the last common 
divisor found will be the greatest common divisor of all the 
given numbers. 

Notes. 1. Wlien more than two numbers are given, it is better to 
begin with the least two. 

2. If at any point in the operation a prime number occur as a re- 
mainder, it must be a common divisor, or the given numbers have no 
common divisor 

Rule, jfirst step ? Second ? Third ? Fourth ? "Wliat relation have 
nmnbers when their difference is a prime number ? 
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EXAMPLES FOR PRACTICE. 

1 What io the greatest common divisor of 221 and 5512 ? 



OPERATION. 



221 



208 



Am. 13 



5512 
442 



1092 
884 



208 
/8 

7r> 



2. Find the greatest common divisor of 154 and 210. 

Ans. 14. 

3. "Wliat is the greatest common divisor of 316 and 664? 

Ans. 4. 

4. What is the greatest common divisor of 679 and 1869? 

Ans, 7. 

5. What is the greatest common divisor of 917 and 1495 ? 

Ans. 1. 

6. What is the greatest common divisor of 1313 and 4108? 

Ans. 13. 

7. What is the greatest common divisor of 1649 and 5423? 

Ans. 17. 

The following examples may be solved by either of the fore- 
going methods. 

8. John has *35 pennies, and Charles 50 : how shall they 
arrange them in parcels, so that each boy shall have the same 
number in each parcel ? Ans. 5 in each parcel. 

9. A speculator has 3 fields, the first containing 18, the 
second 24, and the third 40 acres, which he wishes to divide 
into the largest possible lots having the same number of acres 
ia each ; how many acres in each lot ? Ans. 2 acres. 
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10. A farmer had 231 bushels of wheat, and 273 bushels 
of oat'^, which he wished to put into the least number of bins 
containing the same number of bushels, without mixing the 
two kinds ; what number of bushels must each bin hold ? 

Aim. 21. 

11. A village street is 332 rods long; A owns 124 rods 
front, B 116 rods, and C 92 rods; they agree to divide their 
land into equal lots of the largest size that will allow each 
one to form an exact number of lots ; what will be the width 
of the lots ? Ans. 4 rods. 

12. The Erie Railroad has 3 switches, or side tracks, of the 
following lengths: 3013, 2231, and 2047 feet; what is the 
length of the longest rail that will exactly lay the track on 
each switch ? Ans. 23 feet. 

13. A forwarding merchant has 2722 bushels of wheat, 
1822 bushels of corn, and 1226 bushels of beans, which he 
wishes to forward, in the fewest bags of equal size that will 
exactly hold either kind of grain ; how many bags will it 
take? Ans. 2885. 

14. A has 120 dollars, B 240 dollars, and C 384 dollars; 
they agree to purchase cows, at the highest price per head that 
will allow each man to invest all his money; how many 
cows can each man purchase? Ans. A 5, B 10, and C 16. 

MULTIPLES. 

100. A Multiple is a number exactly divisible by a 
given number ; thus, 20 is a multiple of 4. 

101. A Common Multiple is a number exactly divisible 
hy two or more given numbers ; thus, 20 is a common multiph^^ 
of 2, 4, 5, and 10. 

103. The Least Common Multiple is the least number 
exactly divisible by two or more given numbers ; thus, 24 ]s 
the least common multiple of 3, 4, 6, and 8. 

Wlir.t is a multiple ? A common multiple ? The least rommon 
multiple } 



\ 
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EOS. From the definition (100) it is evident that the 
product of two or more numbers, or an j number of times their 
product, must be a common multiple of the numbers. Hence, 
A common multiple of two or more numbers may be found by 
muUiplying the given numbers together* 

104. To find the least commoa multiple. 

FIRST METHOD. 

From the nature of prime numbers we derive the follow- 
ing principles : — 

I. If a number exactly contain another, it will contain all 
the prime factors of that number. 

II. If a number exactly contain two or more numbers, it 
will also contain all the prime factors of those numbers. 

III. The least number that will exactly contain all the 
prime factors of two or more numbers, is the least common 
multiple of those numbers. 

1. Find the least common multiple of 30, 42, 66, and 78. 

OPERATION. Analysis. The 

30 zz: 2 X 3 X 5 number cannot be 

J 2 ;^ 2 X 3 X 7 ^^^* ^^^ ''^» since 

«/» 9vSyil ^^ must contain 78 ; 

7« — ^ X ^ X 1^ tain the factors of 

2X3X13X11X7X5 = 30030,^ii*.'^®' ^^^ ^ ^^ 

We here have all the prime factors of 78, and also all the factors of 
66, except the factor 11. Annexing 11 to the series of factors, 

2X3X13X11, 
and we have all the prime factors of 78 and 66, and also all the 
factors of 42 except the factor 7. Annexing 7 to the series of factors, 

2 X 3 X 13 X 11 X 7, 
and we have all the prime factors of 78, 66, and 42, and alco all the 



How can a common multiple of two or more numbers be found ? 
rirst principle derived from prime numbers? Second? Third? 
Give analysis. 
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factors of 30 except the factor 5. Annexing 5 to the series of factors, 

2 X 3 X 13 X 11 X 7 X 5, 

and we have all the prime factors of each of the given numbers ; and 
hence the. product of the series of factors is a common multiple of 
the given numbers, (IL) And as no factor of this series can be 
omitted without omitting a factor of one of the given numbers, the 
product of the series is the least common multiple of the given 
numbers, (IIL) 

From this example and analysis we deduce the following 

Rule, L Resolve the given numbers into their prime factors* 

II. Take all the prime factors of the largest number, and 

such prime factors of the other numbers as are not found in the 

largest number, and their product will be the least common 

multiple. 

Note. "When a prime factor is repeated in any of the given numbers, 
it must be used as many times, as a factor of the multiple, as the 
greatest number of times it appears in any of the given numbers. 

EXAMPLES FOR PRACTICE. 

2. Find the least common multiple of 7, 35, and 98. 

Ans. 490. 

3. Find the least common multiple of 24, 42, and 17. 

Ans. 2856. 

4. What is the least common maltiple of 4, 9, 6, 8 ? 

Ans. 72. 

5. What is the least common multiple of 8, 15, 77, 385 ? 

Ans. 9240. 

6. What is the least common multiple of 10, 45, 75, 90 ? 

Ans. 450. 

7. What is the least common multiple of 12, l5, 18, 35 ? 

Ans. 1260. 

Bule, first step ? Second ? What caution is given > 
4* 



2 


4.. 6. .9. .12 


2 


2. .3. .9.. 6 


3 


3. .9.. 3 


3 


3 
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SECOND METHOD. 

iOSm 1. What is the least common multiple of A, 6, 9, 
and 12? 

Analysis. We first write 
the given numbers in a series, 
>nth a vertical line at the left. 
Since 2 is a factor of some of 
the given numbers, it must be 
a factor of the least common 
multiple sought. Dividing as 

2X2X3X3 = 36, Ans. "J^^X ^f tb** numbers as are 

divisible by 2, we write the 
quotients and the undivided number, 9, in a line underneath. We 
now perceive that some of the numbers in the second line contain 
the factor 2 ; hence the least common multiple must contain another 
2, and we again divide by 2, omitting to write down any quotient 
when it is 1. We next divide by 3 for a like reason, and still again 
by 3. By this process we have transferred all the factors of each 
of the numbers to the left of the vertical ; and their product, 36, 
must be the least common multiple sought, ( I04, III.) 

2. What is the least common multiple of 10, 12, 15, and 75 ? 

OPERATION. Analysis. We read- 

ily see that 2 and 5 are 
among the factors of the 
given numbers, and must 
be factors of the least 

9 Vi V2 V S y 5 - SOO An, common multiple ; hence 
2X0X^X^X0 — dUU, Ans. ^g ^j^jj^ g^.gj^. number 

that is divisible by either of these factors or by their product ; thus, 
we divide 10 by both 2 and 5; 12 by 2 ; 15 by 5; and 75 by 5. 
We next divide the second line in like manner by 2 and 3 ; and 
afterwards the third line by 5. By this process we collect the 
factors of the given numbers into groups ; and the product of the 
factors at the left of the vertical is the least common multiple sought. 

3. What is the least common multiple of 6, 15, 35, 42, 
and 70? 

Give explanation. 
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.12. 


.15. 
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6. 


. 3. 


.15 


5 


5 
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2,5 
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OPEBATTON. ANALYSIS. In this oper- 

15 . . 42 • • 70 ^^^ ve omit the 6 and 35, 



because they are exactly con- 
^ • * -^^ tained in some of the other 



3X7X2X5 = 210, Arts. given numbers; thus, 6 is 

contained in 42, and 35 in 
70 ; and whatever will contain 42 and 70 must contain 6 and 35. 
Hence we have only to find the least common multiple of the re- 
maining numbers, 15, 42, and 70. 

From these examples we derive the following 

Rule. I. Write the numbers in a line, omitting any oftJm 
smaller numbers that are factors of the larger, and draw a 
vertical line at the lejt. 

II. Divide by any prime factor, or factors, that may be con- 
tained in one or more of the given numbers^ and write the gtwtients 
and undivided numbers in a line underneath, omitting the Vs. 

III. In like manner divide the quotients and undivided num^ 
bers, and continue the process till aU the factors of the given 
numbers have been transferred to the left of the vertical, TTien 
multiply these factors together^ and their product will be the least 
common multiple required. 

EXAMPLES FOR PRACTICE. 

4. What 13 the least common multiple of 12, 15, 42, and 
60? Ans. 420. 

5. What is the least common multiple of 21, 35, and 42 ? 

Ans. 210. 

6. What is the least common multiple of 25, 60, 100, and 
125? Ans. 1500. 

7. What is the least common multiple of 16, 40, 96, and 
105? • Ans. 3360. 

8. What is the least common multiple of 4, 16, 20, 48, 6(\ 
and 72 ? Ans. 720. 

9. What is the least common multiple of 84, 100, 224, and 
300? Ans. 16800. 

Rule, first step? Second? Third? 
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10. What is the least common multiple of 270, J89, 297, 
243? Arts. 187110. 

11. What is the least common multiple of 1, 2, 3, 4, 5, 6, 7, 
8,9? Arts. 2520. 

12. What is the smallest sum of money for which I could 
purchase an exact number of ^/ooks, at 5 xloUars, or 3 dollars, 
or 4 dollars, or 6 dollars each ? Ans. 60 dollars. 

13. A farmer has 3 teams; the first can draw 12 barrels 
of flour, the second 15 barrels, and the third 18 barrels ; 
what is the smallest number of barrels that will make full 
loads for any of the teams ? Ans. 180. 

14. What is the smallest sum of money with which I can 
purchase cows at $30 each, oxen at $55 each, or horses at 
$105 each?. Arts. $2310. 

15. A can shear 41 sheep in a day, B 63, and C 54; what 
is the number of sheep in the smallest flock that would furnish 
exact days' labor for each of them shearing alone ? 

Ans. 15498. 

16. A servant being ordered to lay out equal sums in the 
purchase of chickens, ducks, and turkeys, and to expend as 
little money as possible, agreed to forfeit 5 cents for every fowl 
purchased more than was necessary to obey orders. In the 
market he found chickens at 12 cents, ducks at 30 cents, and 
turkeys at two prices, 75 cents and 90 cents, of which he im- 
prudently took the cheaper ; how much did he thereby for- 
feit? Arts. 80 cents. 



CLASSIFICATION OF NUMBERS. 



Numbers may be classified as follcN^s : 
106. I. As Uvtn and Odd. 
107* II. As Prime and Composite* 



What is the first classification of numbers ? What is an even num- 
ber ? An odd number } Second classification ? A prime number ? 
A composite number } 
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108* III. As Integral and Fractional. 

An Integral Number, or Integer, expresses whole things. 
Thus, 281 ; 78 boys ; 1000 books. 

A Fractional Number, or Fraction, expresses equal pttrts 
of a thing. Thus, half a dollar; three-fourths of an hour; 
seven-eighths of a mile. 

109. IV. As Abstract and Concrete. 

110. V. As Simple and Compound. 

A Simple Number is either an abstract number, or a 
concrete number of but one denomination. Thus, 48, 926; 
48 dollars, 926 miles. 

A Compound Number is a concrete number whose value is 
expressed in two or more different denominations. Thus, 32 
dollars 15 cents ; 15 days 4 hours 25 minutes ; 7 miles 82 
rods 9 feet 6 inches. 

111. VI. As Like and Unlike. 

Like Numbers are numbers of the same unit value. 

If simple numbers, they must be all abstract, as 6, 62, 487 ; 
or all of one and the same denomination, as 5 apples, 62 ap- 
ples, 487 apples; and, if compound numbers, they must be 
used to express the same kind of quantity, as time, distance, 
&c. Thus, 4 weeks 3 days 16 hours; 1 week 6 days 9 
hours ; 5 miles 40 rods ; 2 miles 100 rods. 

Unlike Numbers are numbers of different unit values. Thus, 
75, 140 dollars, and 28 miles; 4 hours 30 minutes, and 5 
bushels 1 peck. 



What is the third classification ? What is an integral number ? A 
fractional number ? What is the fourth classification ? An abstract 
number ? A concrete number ? What is the fifth classification ? A 
simple number ? A compound number ? Sixth classification ? What 
are like numbers } Unlike numbers } 
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FRACTIONS. 

DEFINITIONS, NOTATION, AND NUMERATION. 

113. If a unit be divided into 2 equal parts, one of the 
parts is called one half. 

If a unit be divided into 3 equal parts, one of the parts u 
called one third, two of the parts two thirds. 

If a unit be divided into 4 equal parts, one of the parts is 
called 07ie fourth, two of the parts two fourths, three of the 
parts three fourths. 

If a unit be divided into 5 equal parts, one of the parts is 
called one fifth, two of the parts two fifths, three of the parts 
three fifths, &c. 

The parts are expressed by figures ; thus, 



One half is written 


i 


One fifth is 


written 


i 


One third " 


* 


Two fifths 


« 


1 


Two thirds " 


* 


One seventh 


u 


f 


One fourth *< 


i 


Three eighths 


u 


9 


Two fourths « 


f 


Fire ninths 


u 


i 


Three fourths « 


i 


Eight tenths 


u 


A 



Hence we see that the parts into which a unit is divided take 
their name, and their value, from the number of equal parts 
into which the unit is divided. Thus, if we divide an orange 
into 2 equal parts, the parts are csAled halves ; if into 3 equal 
parts, thirds; if into 4 equal ifSirts, fourths, &c. ; and each 
third is less in value than each half, and each^OMr^A less than 
each third; and the greater the number of parts, the less 
their value. 

When a unit is divided into any number of equal parts, one 
or more such parts is a fractional part of the whole number, 
and is called 9k fraction. Hence 

113. A Fraction is one or more of the equal parts of a 
unit. 

Define a frsAtioii. 
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11 41. To write a fraction, two integers are required, one 
to express the number of parts into which the whole number 
is divided, and the other to express the number of these parts 
taken. Thus, if one dollar be divided into 4 equal parts, 
the parts are called fourths, and three of these parts are 
called three fourths of a dollar. This three fourths may be 
Written 

3 the number of parts taken. 

4 the number of parts into which the dollar is divided. 

lis. The Denominator is the number below the line. 
It denominates or names the parts ; and 
It shows how many parts are equal to a unit 

116. The Numerator is the number above the line. 
It numerates or numbers the parts ; and 

It shows how many parts are taken or expressed by 
the fraction. 

117. The Terms of a fraction are the numerator and de- 
nominator, taken together. 

118. Fractions indicate division, the numerator answering 
to the dividend, and the denominator to the divisor. Hence, 

119. The Value of a fraction is the quotient of the nu- 
merator divided by the denominator. 

ISO* To analyze a fraction is to designate and describe 
its numerator and denominator. Thus, f is analyzed as fol- 
lows : — 

4 is the denominator, and shows that the unit is divided 
into 4 equal parts ; it is the divisor. 

3 is the numerator, and shows that 3 parts are taken ; it is 
the dividend, or integer divided. 

3 and 4 are the terms, considered as dividend and divisor. 

The value of the fraction is the quotient of 3-7-4, or f . 



How many nimibers are required to write a fraction ? WTiy ? Do- 
fine the denominator. The numerator. What are the terms of a frac- 
tion ? The value } What is the analysis of a fraction } 
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EXAMPLES FOB PBACTICE. 

Express the following fractions by figures ; -^ 

1. Seven eighths, 

2. Three twenty-Jifths. 

3. Nine one hundredths, 

4. Sixteen thirtieths, 

5. Thirty-one one hundred eighteenths* 

6. Seventy-five ninety-sixths, 

7. Two hundred fifty-four ybwr hundred forty-thirds. 

8. Eight nine hundred twenty-firsts, 

9. One thousand two hundred thirty-two seventy-five ihou" 
sand six hundredths, 

10. Nine hundred six two hundred forty-three thousand 
eighty-seconds, 

Eead and analyze the following fractions : 

11. 1^; /n; s^tt; JI; ff ; xb; sW; ill- 

12. tV(t; A^d^; i^i^V; iBir; ^ijsi /i%- 

13. tVj; TTJ-iTTTJ ^IMtJ llllfSr' 

131* Fractions are distinguished as Proper and Improper. 

A Proper Fraction is one whose numerator is less than its 
denominator; its value is less than the unit, 1. Thus, ^^,-f^i 
A» if ^^® proper fractions. 

An Improper Fraction is one whose numerator equals or 
exceeds its dehorainator; its value is never less than the 
unit, 1. Thus, ^, §, J|^, -^, |g, ^^ are improper fractions. 

133o A Mixed Number is a number expressed by an in- 
teger and a fraction; thus, 4^, 17^|, Oy^^y arc mixed numbers. 

133* Since fractions indicate division, all changes in the 
terms of a fraction will affect the value of that fraction according 
to the laws of division ; and we have only to modify the lan- 
guage of the General Principles of Division (87) by substi- 
tuting the w^ords numerator ^ denominator^ find frctction, or value 

What is a proper fraction? An improper fraction? A mixed 
number } What do fractions indicate ? 
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of the fraction^ for the words dividend^ divisor, and quotient, 
respectively, and we shall have the following 

GENERAL PRINCIPLES OF FRACTIONS. 

134:* PRiN. I. Multiplying the numerator multiplies the 
fraction, and dividing the numerator divides the fraction. 

Prin. II. Multiplying the denominator divides the fraction, 
and dividing the denominator midtiplies the fra^ction. 

Prin. III. Multiplying or dividing hoth term^ of the frac- 
tion by the same number does not alter the value of the fraction. 

These three principles may be embraced in one 

GENERAL LAW. 

13«S« A change in the numerator produces a like change 

in the value of the fraction ; hut a change in the denomina- 

' TOB. produces an opposite change in the value of the fraction. 

REDUCTION. 

CASE I. 

126. To reduce fractions to their lowest terms. 

A fraction is in its lowest terms when its numerator and de- 
nominator are prime to each other ; that is, when both terms 
have no common divisor. 

1. Reduce the fraction || to its lowest terms. 

first operation. Analysis. Dividing both 

4 8 :^ 24 — - 12 — - 4 ^fis, terms of a fraction by the same 

number does not alter the vakie 
of the fraction or quotient, (124, III;) hence, we divide both 
terms of |J, by 2, both terms of the result, |^, by 2, and both teiins 
of this result by 3. As the terms of ^ are prime to each other, the 
lowest terms of |J are |. We have, in effect, canceled all the fac- 
tors common to the numerator and denominator. 

First general principle ? Second? Third? General law? "VVhat 
is meant by reduction of fractions? Case I is what? "What is 
meant by lowest terms? Give analysis. 
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SECOND OPERATION. In this operation we have divided 

12)4 ^- = l- An$. 'both terms of the fraction by their 

greatest common divisor, (97,) and 
thus performed the reduction at a single division. Hence the 

Rule. Cancel or reject all factors common to both numerC' 
tor and denominator. Or, 

Divide both terms by their greutest common divisor. 

EXAMPLES FOR PRACTICE. 

2. Reduce i$J to its lowest terms. Ans. i* 

3. Reduce ^|S to its lowest terms. Ans. f. 

4. Reduce JJ^ to its lowest terms. Ans. f J, 

5. Reduce f §| to its lowest terms. 

6. Reduce gVfsV ^o its lowest terms. 

7. Reduce ^^j to its lowest terms. 

8. Reduce lYi^a ^^ ^'^ lowest terms. 

9. Reduce ^Sf S to its lowest terms. Ans. j^J. 

10. Reduce \^\% to its lowest terms. Ans, JJ. 

11. Reduce -^i^js to its lowest terms. Ans. ^H. 

12. Express in its simplest form the quotient of 441 divided 
by 462. Ans. f i. 

13. Express in its simplest form the quotient of 189 di- 
vided by 273. Ans. ^^. 

14. Express in its simplest form the quotient of 1344 di- 
vided by 1536. Ans. J. 

CASE II. 

127« To rediico an improper fraction to a whole 
or mixed number. 

1. Reduce ^^5*- to a whole or mixed number. 

OPERATION. Analysis. Since 

A%l = 324-7-15=:21A = 21t, -4?w. 15 fifteenths equal 

^^ T^ 5 1,324 fifteenths are 

equal to as many times 1 as 15 is contained times in 324, which is 

21y\ times. Or, since the numerator is a dividend and the denom- 

Kule. Case 11 is what ? Give explanation. 
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inator a divisor, (118,) we reduce the fraction to an equivalent 
whole or mixed number, by dividing the numerator, 324, by the 
denominator, 15. Hence the 

Rule. Divide the numerator hy the denominator. 

Notes. 1. "When the denominator is an exact divisor of the numer- 
ator, the result will be a whole number, 

2. In all answers containing fractions, reduce the fractions to their 
lowest terms. 

EXAMPLES FOR PRACTICE. 

2. In -V*- of a week, how many weeks ? Arts. 1 f . 

3. In ^^ of a bushel, how many bushels? Am. 23|. 

4. In ^|-* of a dollar, how many dollars? 

5. In ^^ of a pound, how many pounds ? Am. 54^. 

6. Reduce J-f^* to a mixed number. 

7. Reduce ^-^ to a whole number. 

8. Change ^%{^ to a mixed number. An$, 18 J. 

9. Change ^^f ^ to a mixed number. 

10. Change ^%W^^ ^^ » mixed number. Ans. 1053|f. 

11. Change ^^^i^^ to a whole number. Ans. 7032. 

CASE III. 

128. To reduce a whole number to a fraction hav- 
ing a given denominator. 
1. Reduce 46 yards to fourths. 

OPERATION. Analysis. Since in 1 yard there are 4 fourths, 

^g in 46 yards there are 46 times 4 fourths, which are 

4 184 fourths = J^-^. In practice we mjultiply 46, 

the number of yards, by 4, the given denominator, 

■1 |A, Ans. nn J taking the product, 184, for the numerator of a 
fraction, and the given denominator, 4, for the de- 
nominator, we have ■^. Hence we have the 

Rule. Multiply the whole number by the given denominator ; 
take the product for a numerator^ under which write the given 
denominator. 

Rule. Case III is what ? Give explanation* Kxil^* 



J 
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Note. A whole number is reduced to a firactional form by writing 
1 under it for a denominator ; thus, 9 = {. 

EXAMPLES FOR PRACTICE. 

2. Reduce 25 bushels to eighths of a bushel. Ans. 2§ft, 

3. Reduce G3 gallons to fourths of a gallon. Atis. ^|2. 

4. Reduce 140 pounds to sixteenths of a pound. 

5 In 56 dollars, how many tenths of a dollar ? Arts. ^j^. 

6. Reduce 94 to a fraction whose denominator is 9. 

7. Reduce 180 to seventy-fifths. 

8. Change 42 to the form of a fraction. Ans^ *^. 

9. Change 247 to the form of a fraction. 

10. Change 347 to a fraction whose denominator shall 
be 14. Am. ^fa. 

CASE IV. 

129. To reduce a mixed number to an improper 
fraction. 

lo In 5| dollars, how many eighths of a dollar ? 

OPERATION. 

53 Analysis. Since in 1 dollar there are 8 eighths, 

Q in 5 dollars there are 5 times 8 eighths, or 40 

— eighths, and 40 eighths -|- 3 eighths =. 43 eighths, 

^g*» Ans. or ^. From this operation we derive the following 

Rule. Multiply the whole number by the denominator of 
the fraction ; to tfte product add the numerator ^ and under the 
sum write the denominator. 

EXAMPLES FOR PRACTICE. 

2. In 4J dollars, how many half dollars ? Ans. |. 

3. In 71f weeks, how many sevenths of a week ? 

4. In 341 J acres, how many fourths? Ans. ^^. 
b. Change 12/^ yeai*s to twelfths. 

6. Change b^jj to an improper fraction. Ans. ^^f^ 

7. Reduce 21 ^^^ to an improper fraction. Ans. -*^i§^- 

8. Reduce 225 1| to an improper fraction. Atis. ^|^. 

Case IV is what ? Give explanation. Rule. 
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9. In 96y*/(y, how many one hundred twentieths ? 

10. In 1297,^, how many eighty-fourths? Ans. J-QfpJk 

11. What improper fraction will express 400§a ? 

CASK V. 

130. To reduce a.fraction to a given denominator. 

As fractions may he reduced to lower terms by division, 
ihey may also be reduced to higher terms by multiplication ; 
and all higher terms must be multiples of the lowest tenns. 
(103.) 

1. Reduce J to a fraction whose denominator is 20. 

OPERATION. Analysis. We first divide 20, the 

2Q .j_ 4 -— 5 required denominator, by 4, the denomi- 

nator of the given fraction, to ascertain 
_^ X «> __ - . ^^^^ if it be a multiple of this term, 4. The 
4 XX 5 division shows that it is a multiple, and 

that 5 is the factor which must be em- 
ployed to produce this multiple of 4. We therefore multiply both 
terms of | by 5, (124,) and obtain ^J, the desired result Hence the 

Rule. Divide the required denominator hy the denominator 
of the given fraction, and midtiply both terms of the fraction hy 
the quotient. 

EXAMPLES FOR PRACTICE. 

2. Reduce | to a fraction whose denominator is 15. 

Ans. -^5. 

3. Reduce f to a fraction whose denominator is 35. 

4. Reduce }f to a fraction whose denominator is 51. 

Ans. i\. 

5. Reduce §§ to a fraction whose denominator is 150. 

6. Reduce ^§| to a fraction whose denominator is 3488. 

Ans. J28g. 

7. Reduce i^^ to a fraction whose denominator is 1000. 

Case V is what? How are fractions reduced to higher terms? 
What are all higher terms ? Give analysis. Kule. 
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CASE VI. 

131. To reduce two or more fractions to a com- 
mon denominator. 

A Comxnon Denominator is a denominator common to two 
or more fractions. 

1. Reduce f and f to a common denominator. 

OPERATION. Analysis. We multiply the tenns of the 

3^5 first fraction by the denominator of the second, 

— = ii ftJ^d the terms of the second fraction by the 
^ X O denominator of the first, (124.) ITiis must re- 
ft ^ j^ duce each fraction to the same denominator, 

— z=JL for each new denominator will be the product 
5X4 of the given denominators. Hence the 

Rule. Midtiply the terms of each fraction by the denomina- 
tors of all the other fractions. 

Note. Mixed numbers must first be reduced to imprQper fractions. 
EXAMPLES FOB PRACTICE. 

2. Reduce §, ^, and } to a common denominator. 

^ns. if, if, it 

3. Reduce ^ and | to a common denominator. 

^ns. 15, |§. 
4 Reduce ^, -J^, and ^ to a common denominator. 

Ans. §|g, 3i8, Igg- 

5. Reduce ^, |, g, and ^ to a common denominator. 

Ans. m^U%^ 5§i iSi- 

6. Reduce i^g, J, and f to a common denominator. 

7. Reduce f , 2^, j, and ^ to a common denominator. 

8. Keduce Ij, ^, and 4 to a common denominator. 

Cfise \I ia what ? What is a common denominator ? Give ana]jsi«t 
21u)a 
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CASE VII. 

133* To reduce fractions to the least common de- 
nominator. 

The Least Common Denominator of two or more fractions 
is the least denominator to which they can all be reduced, and 
it must be the least common multiple of the lowest denom- 
inators. 

1. Reduce ^, J, and ^2 ^^ ^^® \^^i common denominator. 

OPERATION. Analysis. We first find 

2 3 I 6 .. 8 .. 12 ^® \Q^t common multiple 

rt' a I ' 4 * 2 . of the given denominators, 

' ' 1! which is 24. This, must be 

2X3X2X2 = 24 the least common denom- 

i ^3 JL ^ inator to which the frac- 

3 -- J I ^j^^^ tions can be reduced. (III.) 
5 __ ^^ I * We then multiply the terras 

12 24 J ^f ^^^Yi fraction by such a 

number as will reduce the fraction to the denominator, 24. Re- 
ducing each fraction to this denominator, by Case V, we have the 
answer. 

Since the common denominator is already determined, it is 
only necessary to multiply the numerators by the multipliers. 
Hence the following 

Rule. L Find the least common multiple of the given de- 
nominators^ for the least common denominator. 

11. Divide this common denominator hy each of the given 
denominators^ and multiply each numerator hy the correspond^ 
ing quotient. The products wiU he the new numerators. 

EXAMPLES FOR PRACTICE. 

2. Reduce ^, xV |J, and y\ to their least common de- 
nominator. ^ Ans. tV^o, r\V \U^ tI^- 

3. Reduce ^, ^, ^^g, ^ to their least common denominator. 

Ans. ijg, ^11, ^^^y 3^^g. 

What is Case VII ? What must be the least common denominator } 
Giv« analysis. Itule, first step, ^ecoad. 



96 FRACTIONS. 

4. Reduce f , jVj h ^^^ ^ ^^ ^^^^ ^®^* common denomi- 
nator. Ans. 2¥jr» jV^, ill, J/5^. 

5. Reduce 5j-, 2^, and 1| to their least common denomina- 
tor. Aiu. Y,V-,V- 

6. Reduce ^x, f , f , and -J to their least common denomi- 
nator. A?is. iU^'iihHhiH' 

7. Reduce f , ^, ^, 2f , and -j^ to their least common de- 
nominator. Ans. -i|§, ^q\, ^sVj Hh iVb- 

8. Change |, j^^, Sf, 9, and J to equivalent fractions hav- 
ing the least common denominator. 

9. Cliange fj, If, J, xi*^"^ ^ ^^ equivalent fractions hav- 
ing the least common denominator. 

10. Change 2/^, |J, 4> ^§» ii> ^^^ 4 ^^ equivalent frac- 
tions having the least common denominator. 

11. Reduce |, §, ^, and /^ to a common denominator. 

12. Reduce J, ^, 2f, and ^ to a common denominator. 

13. Reduce jf, /u, §, and 3^ to equivalent fractions hav- 
ing a common denominator. Ans* §J, §i, fj, §g. 

14. Change /y, J, and | to equivalent fractions having a 
common denominator. Ans, ^jp^, ^^1 T^xftV* 

15. Change /y, 7^\ §5, and 5 to equivalent fractions hav- 
ing a common denominator. Ans. f |, ^^, ^g, ^^. 

16. Change /^y, 6j-, 3^^, 7, f, and 1^ to equivadent fractions 
having a common denominator. 

ADDITION. 

133. 1. What is the sum of i, f , J, and | ? 

OPERATION. Analysis. Since the 

^-|-|-|-|-|-|,= j^— 2, Ans. fi^^e'* fractions have a 

common denominator, 8, 
their sum may he found by adding their numerators, 1, 3, 5, and 
7, and placing the sum, 16, over the common denominator. We 
thus obtain ^ = 2, the required sum. 

2. Add /^, ^, tV, i^^, and ^^. Ans. 2^. 

3. Add ^ ^y ^, ^, ^, and a. Ans. 2/y 

"' " ' " ' *— ■■^MWi^iw.i^^.i^*!^ II I i . I .1 ...III ... I ,m ^^M<— III I .» . II 

Give first explan&doxL. 
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4 What is the sum of /^^ ^i^ A» H^ M» and Ji? 

5. What is the sum of ^V» t^. tV(T' t^» ^n^ 4 $8 ? 

6. What is the sum of ^^^ ^ihy iJ^* iih and Mi ? 

134. 1. What is the sum off and f? 

OPERATION. Analysis. In 

f + f = Ji + i J = aLi^^ltt = £T ^ ^n*. ^hole numbers 

we can add hke 
numbers only, or those having the same unit value; so in fractions 
we can add the numerators when they have a common denominator, 
but not otherwise. As | and | have not a common denominator, 
we first reduce them to a common denominator, and then add the nu- 
merators, 27 -|- 10 = 37, the same as whole numbers, and place the 
sum over the common denominator. Hence the following 

Rule. I. When necessary^ reduce the fractions to a com-' 
mon or to their least common denominator, 

II. Add the numerators^ and place the sum over Hie common 
denominator. 

Note. If the amoimt be an improper fraction, reduce it to a whole 
or a mixed number. 

EXAMPLES FOR PRACTICE. 

2. Addftof. Ans. i\, 

•3. Add I to if Ans. \\h' 

4. Add f, j, f, and -^. Ans. l^/g. 

5. Add i|, §J, and /r- ^^*- ^A%- 

6. Add ^^, ;?^, yV and tV- ^^' f 

7. Add H, if J, ft, h and §. Arts. S^J. 

8. Add f, i, §, I, f, f h iy and ^. Ans. Ir^^^. 

9. Add 7^, 5f, and 10 J. 

OPERATION. Analysis. The sura of the frac- 

XJL.ZA. 3jc lU tions J,},and f i8l^J;thesumof 

I r 5 T 10 = 22 *^® integers, 7, 5, and 10, is 22 ; 

' ' and the sum of both fractions 

Ans, 23} J^ and integers is 23^ J. Hence, 

Give second explanation? Hula, first step. Second* 
&P ^ 
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To add mixed numbers, add the frtKtions and integers sep- 
aratelyy and then add their sums. 

Note. If the mixed numbers are small, they may be reduced to im- 
proper fractions, and then added after the usual method. 

10. Whatisthesumof 14^,3 jV1§, and Jg? Ans. 21 ^J. 

11. What is the sum of }, 1,7^, 10|, and 5 ? Am. ISJ^. 

12. What is the sum of 17J, 18j^, and 263^ ? 

13. What is the sum of /g, |i, 1 J, 3, and ^J ? 

14. Whatisthesumofl25f,327iS^,and25i^? Ans. 478^. 

15. What is the sum of JJg, | J, 1^, iJ, and 4g8 ? 

Ans. 3igJ. 

16. What is the sum of S^f^^, 2J|, 40f, and 10^ ? 

17. Bought 3 pieces of cloth containing 125}, 96£, and 
483 yards ; how many yards in the 3 pieces ? 

18. If it take 5^ yards of cloth for a coat, 3 J yards for a 
pair of pantaloons, and } of a yard for a vest, how many yards 
will it take for all ? Ans. 0^.^ 

19. A farmer divides his farm into 5 fields ; the first con- 
tains 26 /j acres, the second 40^f acres, the third 51 f acres, 
the fourth 59| acres, and the fiflh 62 § acres ; how many acres 
in the farm? Ans. 24 1|}. 

2C. A speculator bought 175| bushels of wheat for 205 J 
dollars, 325f bushels of barley for 296 J dollars, 270 jf bush- 
els of corn for 200|^ dollars, and 437 j^ bushels of oats for 
156f I dollars ; how many bushels of grain did he buy, and how 
much did he pay for the whole ? j ( 1209^^^ busheK 

* 1 859|5 dollars. 

SUBTRACTION. 

135. 1. From ^ take f^^. 

OPERATION. Analysis. Since the given 

/;j — 35^ = -^ = ^, Ans. fractions have a common denom- 
inator, 10, we find the difTerence 
by subtracting 3, the less numerator, from 7, the greater, and write 

How are mixed numbers added } Give note. 
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the remainder, 4, over the common denominator, 10. We thus 
ohtain ^z=|, the required difference. 

2. From f take g. Ans, J. 

3. From {^ take f^. Ans. f 

4. From f ^ take ^. Ans. ^\. 

5. From ^j take ^^. Ans, ^. 

6. From -^ take -j^. -4w«. ^. 

7. From ill take ii J. Ans. ^. 

1136 • 1. From f take £. 

OPERATION. Analysis. 

1 — 1 = 31 — 3g=:3-5-^3i> = j^=^, ^n*. As in whole 

numbers, we 
can subtract like numbers only, or those having the same unit value, 
so, we can subtract fractions only when they have a common de- 
nominator. As f and | have not a common denominator, w^e fust 
reduce them to a common denominator, and then subtract the 
less numerator, 30, from the greater, 32, and write the difference, 2, 
over the common denominator, 36. We thus obtain j^^ = ^, the 
required difference. Hence the following 

KuLE. I. When necessary, reduce the fractions to a 
common denominator, 

II. Subtract the numerator of the subtrahend from the 
numerator of the minuend, and place the difference over the 
common denominator, 

EXAMPLES FOR PRACTICE. 



2. 


From ^ take f . 




Ans. 


T»». 


3. 


From ^J take f. 




Ans. 


^^' 


4. 


Subtract ^j from g. 




Ans. 


tVV- 


5. 


Subtract ^ from /^. 




Ans. 


H. 


6. 


Subtract ^J from \l%%. 




Ans. 


rh- 


7. 


Subtract ^^% from f J. 




Ans. 


^¥»• 


8. 


What is the difference between 


9iand2J? 






Give explanations. Rule, first stc^. 


^eftQn[A« 
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OPERATION. Analysis. We first reduce the frac- 

9 1 = 9 j^ tional parts, J- and }, to a common denom- 

2? =: 2i^ inator, 12. Since we cannot take ^ from 

T^, we add 1 =: ^ J to ^, which makes \^, 

6/2^ Ans. and ^ from \^ leaves ^. We now add 1 
to the 2 in the subtrahend, (50,) and say* 
3 from 9 leaves 6. We thus obtain 6^, the difference required. 

Hence, to subtract mixed numbers, we may reduce the 
fractional parts to a common denominator^ and then subtract 
the fractional and integral parts separately. Or, 

We may reduce the mixed numbers to improper fractions* 
and subtract the less from the greater by the usual method, 

9. From 8^^ take 3J. Ans. 4||. 

10. P>om 25| take 9f^, Ans. 163%. 

11. From 4t take if. 

12. Subtract l| from 6. 

13. Subtract 120j^y from 450J. Ans. 330||. 

14. Subtract -j^y from 3/5. Ans. 3^%. 

15. Find the difference between 49 and 75 J. 

16. Find the difference between 227^ and 196§. 

17. From a cask of wine containing 31^ gallons, 17| gal- 
lons were drawn; how many gallons remained? Ans. 135- 

18. A farmer, having 450 /^ acres of land, sold 304| acres ; 
how many acres had he left ? Ans. 145|8. 

19. If flour be bought for G^-dollars per barrel, and sold 
for 7§ dollars, what will be the gain per barrel ? 

20. From the sura off and 3^ take the difference of 4 J 
and 5J. Ans. 3||. 

21. A man, having 25 1 dollars, paid 6 J dollars for coal, 2^ 
dollars for dry goods, and f of a dollar for a pound of tea ; 
how much had he left? Ans. $16^5* 

22. What number added to 2^ will make 7 J ? Ans. 4§|. 

23. What fraction added to |J will make JJ ? Ans. -r^ij. 

In how many ways may mixed numbers be subtracted ? Y\1.at are 
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24. A gentleman, having 2000 dollars to divide among his 
three sons, gave to the first 9I2| dollars, to the second 545^ 
dollars, and to the third the remainder ; how much did 
the thud receive ? Ans. $5423^^. 

25. Bought a quantity of coal for 136^^ dollars, and of 
lumber for 350f dollars. I sold the coal for 184J dollars, and 
the lumber for 41 GJ dollars. How much was my whole gain ? 

Aii$. $114^. 

MULTEPUCATION. 
CASE I. 

137. To multiply a fraction by an integer. 

1. If 1 yard of cloth cost J of a dollar, how much will 5 
yards cost ? 

OPERATION. Analysis. Since 1 yard ccst 

f X 5 = "V- = Hy ^'**- ^ fourths of a dollar, 5 yards 

will cost 5 times 3 fourths of a 
dollar, or 15 fourths, equal to 3} dollars. A fraction is multiplied 
by multiplying its numerator, (I!d4«) 

2. If 1 gallon of molasses cost /j of a dollar, how much 
will 5 gallons cost ? 

OPERATION. Analysis. Since 5, the 

^^j X 5 = J = 1 £., A71S. multiplier, is a factor of 20, the 

denominator, of the multipli- 
cand, we perform the multiplication by dividing the denominator, 
20, by the multiplier, 5, and we have J, equal to If dollars. A 
fraction is multiplied by dividing its denominator, (124.) Hence, 

Multiplying a fraction consists in multiplying its numerator^ 
or dividing its denominator. 

Note. Always divide the denominator when it is exactly divisible 
by the multiplier. 

EXAMPLES FOR PRACTICE. 

3. Multiply ^ by 5. Ans. V = 2f 

4. Multiply ^ by 7. Ans. \\^. 

Case I is what ? Give explanations. Dedxi^Xi^xu 



\ 
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5. Multiply ft by 12. Ans. 7f . 

6. Multiply ^ by 63. Ans. 15. 

7. Multiply 5^ by 9. 

OPERATION. Analysis. Li multiply- 

ing a mixed number, we first 
multiply the fractional part, 
and then the integer, and 
add the two products ; or we 
reduce the mixed number to 
an improper fraction, and 
then multiply it 

Ans. 91f 
Ans. 5^^. 
Ans. 2. 
Ans. 250. 
X Ans. 16|. 

13. If a man earn 8^^ dollars a week, how many dollars 
will he earn in 12 weeks? 

14. What will 9 yards of silk cost at -f^ of a dollar per 
yard ? 

15. What will 27 bushels of barley cost at J of a dollar 
per bushel ? Ans. 23 1 dollars. 

CASE II. 

1S8, To multiply an integer by a fraction. 

1. At 75 dollars an acre, how much will f of an acre of 
land cost ? 



5f 




9 


Or, 


45 


5i = Y 


4jiX9 = ^=49i. 


49i 




8. 


Multiply 7f by 12. 


9. 


Multiply -^2^ by 8. 


10. 


Multiply , Jy by 51. 


11. 


Multiply 15§by 16. 


12. 


Multiply |8i by 22. 



FIRST OPERATION. 


Analysis. 3 fifths of an 


5 ) 75 price of an acre. 


acre will cost three times as 




much as 1 fifth of an acre. 


15 coetof -^ ofanacro. 


Dividing 75 dollars by 5, we 


3 


have 15 dollars, the cost of 


Ans. 45 u u ^u u a 


^ of an acre, which we mul- 


tiply by 3, and obtain 45 




dollars, the cost of | of an acre. 



£3q)lain the process of mtdtiplying mixed numbers. What is Case 
n? Give Grst ezpianation. 



MULTIPLICATION. 



108 



SECOND OPERATION. 
75 price of 1 acre. 

3 



Or, multiplying the price 
of 1 acre by 3, we have the 
cost of 3 acres ; and as | 
of 3 acres is the same as 
f of 1 acre, we divide the 
cost of 3 acres by 5, and 
we have the cost of | of an 
acre, the same as in the first 
operation. Hence, 
Midtipfying hy a fraction consists in multiplying by tJie nu- 
therator and dividing by the denominator of Hie multiplier. 



5 \ 225 cost of 3 acTM. 



•9- ofanacre. 



n 

3 



15 



45, Ans. 



Nous. By using the vertical line and 
cancellation, we shall shorten, and com- 
bine both operations in one. 



EXAMPLES FOR PRACTICE. 



2. Multiply 3 by f 

8. Multiply 100 by ^j, 

4. Muhiply 105 by \\. 

5 Multiply 19 by i^. 

6. Multiply 24 by 6|. 

OPERATION. 

24 

15 = 1 of 24; Or, * 
144 

159, Ans. 



63 



159, Ans. 



7. Multiply 42 by 9f. 

8. Multiply 80 by H^V 

9. Multiply 156 by 5J. 
10. At 8 dollars a bushel, what will ^ of a bushel of clover 

seed cost ? 



Ans. \\, 

Am. 64f 

Ans. 85. 

Am. 5^f 

Analysis. We 
multiply by the in- 
teger and fraction 
8eparately,and add 
the products; or, 
reduce the mixed 
number to an im- 
proper fraction, 
and then multiply by it 

Ans. 409^. 
Ans. 1165. 
Am. 108. 



Give second ezplaaatieii. Note. Dedixxc^Tu 
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IL If tt man travel 36 miles a day, how many miles will 
fie travel in 10 J days ? A71S. 384 miles. 

12. If a village lot be worth 450 dollars, what is ^j of it 
worth? -4n«. 262 j dollars. 

13. At 16 dollars a ton, what is the cost of 2 J tons of hay ? 

CASE III. 

139. To multiply a fraction by a fraction. 
.1. At f of a dollar per bushel, how much will f of a bushel 
of corn cost ? 

OPERATION. Analysis. 

Irt step, I -i. 4 =3 ^, cost of ^ of a buaheL Since 1 bush- 

2d step, ^ X 3 = ^, " « J « « « elcost fof a 

— "^ iXi = ^ = i,Jns. i^^i^^ 

Or, Ji ^ cost f times | of a dollar, or 3 times 

I J of j of a dollar. Dividing f of a 

4 3 dollar by 4, we have ^^ the cost of 



1 j^ J ^ of a bushel. A fraction is di- 

^ * ' vided by multiplying its denomina- 
tor, (134,) Multipljing the cost of J of a bushel by 3, we have ^ 
of a dollar, the cost of f of a bushel. It will readily be seen that we 
have multiplied together the two numerators, 2 and 3, for a new 
numerator, and the twp denominators, 3 and 4, for a new denom- 
inator, as shown in the whole work of the operation. Hence, for 
multiplication of fractions, we have this general 

Rule. I. Reduce all integers and mixed numbers to 
improper fractions. 

II. Multiply together the numerators for a new numerator^ 
and the denominators for a new denominator. 

Note. Cancel all factors common to numerators and denominators. 

EXAMPLES FOB PBACTICE. 

2. Multiply I by |. 

3 Multiply I by f . 

4. Multiply ^l by f f . 

5. Multiply 4^ by f. 

MTiat h Case III? Give explanation. Rule, first step ? Second ? 
What shall be done with common factors > 



Ans. 


i- 


Am. 


/o- 


Am. 


A- 


Am. 


H- 
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6. 
7. 

8. 

1?? 



What is the product of ^ff, ^, ^, and J ? Ans. ^^. 
What is the product of If, ^, 2, and 5^ ? ^n*. 11 1 J. 
What is the product of \ of ^^^j 4 of J of J, and \ of 



».;! 





7 


6 


iJ 


i 


^ 


$ 


3^ 


5f 


4. 


«5 


i 



30|7 



^w«. IJi 
J[;2«. 85^. 



OPERATION. Or, 

o 

Note. Fractions with the word of between them 
are sometimes called compound fractions, llie word 
of is simply an equivalent for tne sign of multiplica- 
^on, and signifies that the nimibers between which 
it is placed are to be multiplied together. 

9. Multiply T^j of 2J by { of 7f 

10. Multiply^ of 16by-^of26§. 

11. What is the product of 3, i of f, and f of 3^- ? 

12. What is the value of 2 J times J of f of 1 J ? Ans. 2. 

13. What is the value of J of 4 of If times J of 8 ? 

14. What is the product of 12 J multiplied by 5^ times 6f ? 

Ans. 464^. 

15. At f of a dollar per yard, what will | of a yard of 
cloth cost ? Ans. i of a dollar. 

16. If a man own f of a vessel, and sell § of his share, 
what part of the whole vessel will he sell ? 

17. When oats are worth J of a dollar per bushel, what is 
J of a bushel worth ? 

18. What will 7 J pounds of tea cost, at f of a dollar per 
pound ? Ans. 4^g dollars. 

19. What is the product of 9f by 4 J? 

9^ 

23 2 



Ans. 46 



89J product by 4. 
«4§. 



^ 



What does ** of" signify when plaeed between two fractions ? 
is a compound fraction ? 



'NVhat 
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To multiply mixed numbers together we may either mul- 
tiply by tlie integer and fractional part separately, and then 
add their products ; or, we may reduce both numbers to 
improper fractions, and then multiply as in the foregouig rule. 

20. Multiply 12} by 8 A. Ans. 108 J. 

21. What cost 6 1 cords of wood, at 2| ddllars a cord ? 

22. What cost } of 2 J tons of hay, at 11^5^, dollars a ton ? 

Ans. $21fV. 

23. What will 8| cords of wood cost, at 2§ dollars per 
cord ? Ans, 22^ J dollars. 

24. What must be paid for f of 6 J tons of coal, at f of 7 J 
dollars per ton ? 

25. A man owning J of a farm, sold ^ of his^ share ; what 
part of the whole farm had he left ? Ans. ^f . 

2G. Bought a horse for 125} dollars, and sold him for ^ of 
what he cost ; how much was the loss ? Ans. 92d^j. 

27. A owned J of 123| acres of land, and sold J of his 
share; how many acres did he sell? Ans. 49^^. 

28. If a family consume 1^ barrels of flour a month, how 
many barrels will ^ve such families consume in 4^ months? 

DIVISION. 

CASE I. 

140. To divide a fraction by an integer. 

1. If my horse eat -^^ of a ton of hay in 3 months, what 
part of a ton will last him 1 month ? 

OPERATION. Analysis. If he eat ^ of a ton in 

^ -1- 3 = -j%, Ans. 3 months, in 1 month he will eat ^ of 

^ of a ton, or -^^^ divided by 3, Since 

a fraction is divided by dividing its numerator, (134,) we divide 

the numerator of the fraction, ^, by 3, and we have^, the answer. 

2. If 3 yards of ribbon cost | of a dollar, what will 1 yard 
cost? 

Com I is what ? Give first explanation. 
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OPEKATION. Analysis. Here we cannot exactly 

6 jL. 3 -— J * j[^g^ divide the numerator by 3; but, since a 

fraction is di\ided by multipl}'ing the 

denominator, ( t^^^) we multiply the denominator of the fraction, 

f , by 3, and we have ^f the required result Hence, 

Dividing a fraction consists in dividing its numerator^ or 
multiplying its denominator. 

Note. We divide the numerator when it is exactly divisible by the 
divisor ; otherwise we multiply the denominator. 

EXAMPLES FOR PRACTICE. 

3. Divide f by 2. Ans. f 

4. Divide ^j by 3. Ans. f, 

5. Divide {^ by 5. Ans. ff 

6. Divide yVV ^7 25- 

7. Divide if by 14. Ans. ^^ 

8. Divide IJ by 21. Ans. ^. 

9. If 6 pounds of sugar cost f of a dollar, how much will 
1 pound cost? 

10. At 7 dollars a barrel, what part of a barrel of flour can 
be bought for ^ of a dollar ? Ans. ^. 

11. If a yard of cloth cost 5 dollars, what part of a yard 
can be bought for f of a dollar ? Ans. ^. 

12. If 9 bushels of barley cost 7^ dollars, how much will 1 
bushel cost ? 

OPERATION. Note. We reduce the mixed number 

71 = -^ to an improper fraction, and divide as 

i^ ^ 9 z= f , Ans. ^^^'^®- 

13. If 12 barrels of flour cost 76f dollars, how much will 
1 barrel cost ? 

OPERATION. Analysis. Here we first divide as in 

12 ) 761^ simple numbers, and we have a remainder 

of 4^. We reduce this remainder to an 

6f , Ans. improper fraction, ^i which we divide (as 
in Ex. 1,) and ani^ex the result, {, to the partial quotient, 6, and 
wo have 6{, the required result 

Give second explanation. 'DedMG.^iv. 
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1 4. How many times will 1 6f gallons of cider fill a vessel 
that holds 3 gallons? Ans, 5/^. 

15. If 9 men consume f of 9| pounds of meat in a daj, 
how much does each man consume ? Ans, f of a pound. 

16. A man paid $99^^ for 4 cows; how much was that 
apiece? An$. $24f^ 

CASB II. 

141. To divide an integer by a fraction. 

1. At J of a dollar a yard, how many yaids of cloth can be 
bought for 12 dollars? 

FIRST OPERATION. ANALYSIS. As many yards as | of a 

22 dollar, the price of 1 yard, is contained 

A times in 12 dollars. Integers cannot be di- 

vided by fourths^ because they are not of 

3 ) 48 the same denomination. Reducing 12 dol- 

16 yards. ^^^ to fourths by multiplying, we have 48 

fourths ; and 3 fourths is contained in 48 
fourths 16 times, the required number of yards. 

SECbND OPERATION. ANALYSIS. Here we divide the mteger 

3)12 by the numerator of the fractioa, and mui- 

tiply the quotient by the denominator, 

^ which produces the same result as in tiu* 
4 first operation. Hence, 

16 jarda. 

Dividing hf a fraction consists in multiplying hy the denorj- 
incUor, and dividing hy the numerator oj the divisor. 

EXAMPLES FOR PRACTICE. 

Ans. 48. 

Ans. 117. 

Ans. 49. 

Ans. 205f. 

6. Divide 316 by ^. Ans. 877J. 

Case n 28 what ? Give first explanatioii. Second. Deduction. 



2. 


Divide 18 by f. 


3. 


Divide 63 by /^. 


4. 


Divide 42 by f. 


5. 


Divide 120 by ^7^. 
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7. How many bushels of oats, worth f of a dollar per bushel, 
will pay for § of a barrel of flour, worth 9 dollars a barrel ? 

Ans, 1 5. 

8. If J of an acre of land sell for 21 dollars, what will an 
acre sell for at the same rate ? Ans, $49. 

9. When potatoes ai*e worth f of a dollar a bushel, and 
corn I of a dollar a bushel, how many bushels of potatoes are 
equal in value to 1 6 bushels of com ? Ans. 22^. 

10. If a man can chop 2 J cords of wood in a day, in how 
many days can he chop 22 cords ? 

OrERATION. 

2i = V 

22 Analysis. We reduce the mixed number 

"^ to an improper fraction, and then divide the 

integer in the same manner as by a proper 

llj^ fraction. 

Ans, 8 days. 

11. Divide 75 by 131^. Ans. S^J. 

12. Divide 149 by 24^. Ans. 6i%. 

13. A farmer distributed 15 bushels of com among some 
poor persons, giving them 1§ bushels apiece; among how 
many persons did he divide it ? 

14. Divide f of 320 by t of 9^. Ans. 25 f. 

15. Bought J of 7^ cords of wood for J of $32 ; how much 
did 1 cord cost ? Ans. %^. 

16. A father divided 183 acres of land equally among his 
sons, giving them 45 J acres apiece ; how many sons had he ? 

Ans. 4. 

CASE III. 

142. To divide a fraction by a fraction. 

1. How many pounds of tea can be bought for |^ of a dol- 
lar, at § of a dollar a pound ? ^ 

How dividtt by a mixed numbet ) C«m TCLVe ^\aX'\ 



\ 
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OPERATION. Analysis. Aa 

First step, f I X 3 = f f "^^^y PO^llds aS } 

Second step, ^J -f 2 == Jj = If. ©^ » <^ollar is con- 

11 211 3 11 tained times in \^ 

Tri.«io«n.t 5--= — X -=— =l|,-/in*.of a dollar. 1 is 

times, and ^ is con- 
tained in \^ 3 times as many times as 1, or 3 times ^^, which is f | 
times, which is the number of pounds that could be bought at | of 
a dollar per pound ; but f is contained but ^ as many times as |, 
and fj divided by 2 gives fj, equal to If times, or the number of 
pounds that can be bought at } of a dollar per pound. 

We see in the operation that we have multiplied the dividend by 
the denominator of the divisor, and divided the result by the numer- 
ator of the divisor, which is in accordance with 140 for dividing a 
fraction. Hence, by inverting the terms of the divisor, the two 
fractions vnll stand in such relation to each other that we can mul- 
tiply together the two upper numbers for the numerator of the quo- 
tient, and the two lower numbers for the denominator, as shown in 
the operation. For division of fractions, we have this general 

Rule. I. Reduce integers and mixed numbers to improper 
fractions. 

II. Invert the terms of the divisor, and proceed as in multi- 
plication. 

Notes. 1. The dividend and divisor may be reduced to a common 
denominator, and the numerator of the dividend be divided by the nu- 
•iierator of the divisor ; this will give the same result as the rule. 

'2, Apply cancellation where practicable. 

EXAMPLES FOR PRACTICE. 

2. Divide J by f . I Ans. If 

3. Divide | by |. Ans. 3 J. 

4. Divide | by ^^. Ans. fJ. 

5. Divide ^ by /j. Ans. jj. 

6. Divide I by f J. Ajis. |f. 

7. How many times is f contained in f ? ArtS, 1^^. 

8. How many times is ^ contained in IJ ? Ans. 8j. 

Rule, £rst step. jScoond. What other method is mentioned ? 
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9. How manj times is ^^ contained in \\ ? Am, 2^. 

10. How many times is ^^ contained in ^g ? 

11. How many times is ^ of ^ contained in f of 2^ ? 

12. Wliat is the quotient of -f^ of 4, divided by f of 3^ ? 

13. What is the quotient of ^ of | of 36 divided by \\ 
times I ? An$. 3^. 

14. What is the value of — ? 



OPERATION. 

H_i __^ . 35__3f g This example 

T~— 7-— -o""^ ■r-=-7X — = i, Am. ia only another 
^ ^ ^ 8 fi fi$^ fonn for ex- 

pressing divis- 
ion of fractions ; it is sometimes called a complex fraction^ and the 
process of performing the division is called reducing a. complex frac- 
tion to a simple one. 

We simply reduce the upper number or dividend to an improper 
fraction, and the lower number, or divisor, to an improper fraction, 
and then divide as before. 

6| 

15. What is the value of — ? Am. U. 

lu 

16. What is the value of — -? Ans. 20. 

17. What is the value of ^^^? Ans. ^V- 

H 

^of ^ 

18. What is the value of ^ — -? Ans. I. 

i 

19. What is the value of ^ ^ ^ ? Ans. X. 

fof4i ^ ' 

20. If a horse eat f of a bushel of oats in a day, in how 
many days will he eat 6^ bushels? Ans. 14. 

21. If a man spend If dollars per month for tobacco, in 
what time will he spend 10§ dollars? Ans. 6^ months. 

What is a complex fraction \ 
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22. How many times will 4| gallons of camphene fill a 
vessel tliat holds J of | of 1 gallon ? Ans. 10^. 

23. If 14 acres of meadow land produce 32$ tons of liaj; 
how many tons will 5 acres produce? An8> 11§. 

24. If 2 yards of silk cost $3^, how much less than $17 
will 9 yards cost ? A^u. $2|. 

25. If f of a yard of cloth cost ^V of a dollar, how much 
will 1 yard cost ? 

26. A man, having $10, gave f of his money for clover 
seed at $3 J a bushel; how much did he buy? Ans, 2 bush. 

27. How many tons of hay can be purchased for $11 9y^, 
at$9f perton? Ans. 12 /g. 

PROMISCUOUS EXAMPLES. 

1. Reduce j-, ^, f, and ^ to equivalent fractions whose de- 
nominators shall be 24. Ans, ^j, fj, ^, ^-. 

2. Change f to an equivalent fraction having 91 for its 
denominator Atis. |?, 

3. Find the least common denominator of J, 1§, i of ^, 2, 
iofiofl^. 

4. Add 4J, J, t of 1 J, 3, and iJ. 

5. Find the difference between f of 6/^ and | of 4j^^. 

Am. m\. 

6. The less of two numbers is 47o6J, and their difference 
is 128£ ; what is the greater number? Ans. 4885 j''^. 

7. What is the difference between the continued products of 
3, h §, 4f, and 35, f, 4, f ? Ans. 3iJ. 

4 2J 

8. Reduce the fractions — and — to their simplest form. 

9. What number multiplied by f will produce 1825 J ? 

Ans. 3043 i- 

10. A farmer had ^ of his sheep in one pasture, { in an- 
other, and the remainder, which were 77, in a third pasture ; 
how niany sheep had he ? Ans. 140. 

11. What will 7 1 cords of wood cost at ^ of 9 J dollars per 
eorcJ? Ans. $24 J f 
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12. At J^ of a dollar per bushel, how many bushels of apples 
can be bought for 5 J dollars ? 

13. Paid $1837| for 7350^ bushels of oats ; how much was 
that per bushel ? Ans. ^ of a dollar. 

14. If 2351 acres of land cost $4725 g, how much will G28 
acres cost? Ans. $12601. 

15. A man, owning f of an iron foundery, sold J of lus share 
.for$540f; what was the value of the foundery ? Aiis, $4055 §. 

16. 14f lessi^^ is f of J of what number? 

^^v Ans. 27. 

17. A merchant bought 4f cords of wood at $3J per cord, 
and paid for it in cloth at f of a dollar per yai-d ; how many 
yards were required to pay for the wood ? 

18. How many yards of cloth, } of a yard wide, will line 
20 J yards, H yards wide? Ans. 34^. 

19. Kthe dividend be |, and the quotient ^g, what is the 
divisor ? 

20. If the sum of two fractions be |, and one of them be 
j^jy, what is the other ? Ans, /o^. 

21. If the smaller of two fractions be f |, and their differ- 
ence ^^y what is the greater ? Ans. Jf. 

22. If 3 J pounds of sugar cost 33 cents, how much must be 
paid for 65 J^ pounds ? 

23. If 324 bushels of barley can be had for 259^ bushels 
of corn, how much barley can be had for 2000 bushels of 
corn ? Ans. 2500 bushels. 

24. A certain sum of money is to be divided among 5 per- 
sons ; A is to have ^, B ^, C -j^, D ^, and E the remainder, 
which is 20 dollars ; what is the whole sum to be divided ? 

Ans. $50. 

25. What number, diminished by the difference between J 
and f of itself, leaves a remainder of 34 ? Ans. 40. 

26. If I of a farm be valued at $1728, what is the value of 
the whole ? 
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27. Bought 320 sbeep at $2^ per head ; afterward bought 
435 at 81i per head ; then sold f of the whole number at $1 J 
per head, and the remainder at $2^; did I gain or lose, and 
how much ? Arts. Lost $44j-. 

28. If' 5 be added to both terms of the fraction J, will its 
value be increased or diminished? Ans, Increased yf^. 

29. If 5 be added to both terms of the fraction f, will its 
value be increased or diminished ? Ans. Diminished ^ 

30. How many times can a bottle holding J of f of a gal- 
lon, be filled from a demijohn containing ^ of If gallons ? 

Ans. 7^. 

31. Bought } of 7^ cords of wood for ^ of $32 ; how much 
did 1 cord cost ? 

32. Purchased 728 pounds of candles at 1 6f cents a pound ; 
had they been purchased for 8| cents less a pound, how many 
pounds could have been purchased for the same money ? 

Ans. 953^1. 

33. What number, divided by If, will give a quotient of 
94? Ans. 12gf. 

34. The product of two numbers is 6, and one of them is 
184G; what is the other ? Ans. gfj. 

35. A stone mason worked 11 § days, and after paying his 
board and other expenses with ^ of his earnings, he had $20 
left ; how much did he receive a day ? 

36. If f of 4 tons of coal cost $5 J, what will f of 2 tons 
cost? Ans. $5. 

37. In an orchard } of the trees are apple trees, y\y peach 
trees, and the remainder are pear trees, which are 20 more than 
i of the whole ; how many trees in the orchard ? Ans. 800. 

38. A man gave 6§ pounds of butter, at 12 cents a pound, 
for ^ of a gallon of oil ; how much was tlie oil worth a gal- 
lon ? Ans. 100 cents. 

39. A gentleman, having 271 i acres of land, sold J of it, 
and gave | of it to his son; what was the value of the re- 
mainder, at $57|» per acre ? Ans. $4577 q^. 
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40. A horse and wagon cost $270^the horse cost H times 
as much as the wagon ; what was the cost of the wagon ?^ ) 2-- ' ' 

41. What number taken from 2^ times 12| will leave 
20 J? Ans. 111. 

42. A merchant bought a cargo of flour for $2 173 J, and 
*sold it for f § of the cost, thereby losing J of a dollar per bar- 
rel ; how many barrels did he purchase ? Ans, 126. 

43. A and B can do a piece of work in 14 days ; A can do 
f as much as B ; in how many days can each do it ? 

Ans. A, 32| days ; B, 24^ days. 

44. How many yards of cloth f of a yard wide, are equal 
to 12 yards f of a yard wide ? Ans. 11 J. 

45. A, B, and C can do a piece of work in 5 days ; B and 
C can do it in 8 days ; in what time can A do it ? 

46. A man put his money into 4 packages ; in the first he 
put f , in the second J^, in the third j, and in the fourth the re- 
mainder, which was $24 more than ^ of the whole ; how much 
money had he ? Ans, $720. 

47. If $7|- will buy S^ cords of wood, how many cords can 
be bought for $10^ ? ' - ^ Ans. 4|i. 

48. How many times is ^ of | of 27 contained in { of ^ of 
42§? 

I 49. A boy lost ^ of his kite string, and then added 30 feet, 
V N "^^^^^ ^^ ^^^^ j"^^ t ^^ its original length ; what was the length 
\/' at first ? A71S. 100 feet. 

\ 50. Bought f of a box of candles, and having used J of 
them, sold the remainder for ^^ of a dollar ; how much would 
a box cost at the same rate ? Ans. $5f f . 

51. A post stands ^ in the mud, i in the water, and 21 feet 
above the water ; what is its length ? ^4 

] 52. A father left his eldest son ^ of his estate, his youngest 
Fon ^ of the remainder, and his daughter the remainder, wiio 
received $1723| less than the youngest son; what was the 
value of the estate ? Ans. $21114^. 
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DECIMAL FRACTIONS. 

143. Decimal Fractions are fractions which have for 
their denopiinator 10, 100, 1000, or I with any number of 
ciphers annexed. 

Notes./ 1. The word decimal is derived from the I^tin decern, 

which signifies ten, 

2a'£recimal fractions are commonly called deeimaXs, 

3. Since ^ = -}^^t -j^ = TJ?ir» &c., the denominators of decimal 

fractions increase and decrease in a tenfold ratio, the same as simple 

numbers. 

DECIMAL NOTATION AND NUMERATION. 

144. / Common Fractions are the common divisions of a 
unit into any number of equal parts, as into halves, fifths, 
twenty-fourths, &c. 

Decimal Fractions are the decimal divisions of a unit, thus : 
A unit is divided into ten equal parts, called tenths ; each of 
these tenths is divided into ten other equal parts called hun- 
dredths ; each of these hundredths into ten other equal parts, 
called thousandths; and so on. Since the denominators of 
decimal fractions increase and decrease by the scale of 10, the 
same as simple numbers, in writing. decimals the denomina- 
tors may be omitted. 

In simple numbers, the unit, 1, is the starting point of 
notation and numeration ; and so also is it in decimals. We 
extend the scale of notation to the left of units' place in 
writing integei-s, and to the right of units' place in writing 
decimals. Thus, the first place at the left of units is tens, 
and ihe first place at the right of units is tenths ; the second 
place at the left is hundreds, and the second place at the 
right is hundredths ; the third place at the left is thour^ands, 
and the third place at the right is thousandths ; and so on. 



What are decimal fractions? How do they differ from common 
fractions ? Ho w are they written r 
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\ ITie Decimal Point is a period ( . ), which must always be 

placed before or at the left hand of the decimal. Thus, 

y^j is expressed .G 

^h " " .54 

A^^j " " .279 

Note. The decimal point is also called the Separairix. This is & 
correct name for it only when it stands between the integral and deci- 
mal parts of the same number. 

.5 is 5 tenths, which = -j^ of 5 units ; 

.05 is 5 hundredths, " = ^ of 5 tenths ; 

.005 is 5 thousandths, " = j\y of 5 hundredths. 

And universally, the value of a figure in any decimal place 
is 1^ the value of the same figure. in the next lefl hand place. 

The relation of decimals and integers to each other is clear- 
ly shown by the following 

NUMERATION TABLE. 

I i 

it A 



47 5 3.62418 695 



Integei-fl. Deciiiiala. 

By examining this table we see that 

Tenths are expressed by one figure. 

Hundredths " " " two figures. 

Thousandths « « " three « 

Ten thousandths " « « four « 

And any order of decimals by one figure less than the corre- 
sponding order of integers. 

14:3« Since the denominator of tenths is 10, of hun- 

What is the decimal point ? What is it sometimes called ? What ia 
the value of a figure in any decimal place } 
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drcdths 100, of thousands 1000, and so on, a decimal may be 
expressed hj writing the numerator only ; but in tliis case 
the numerator or decimal must always contain as many 
decimal places as are equal to the number of ciphers in the 
denominator ; and the denominator of a decimal will always 
be the unit, 1, with as many ciphers annexed as are equal to 
the .number of figures in the decimal or numerator. 
The decimal point must never be omitted. 

EXAMPLES FOB PRACTICE. 

1. Express in figures thirty-eight hundredths. 

2. AVrite seven tenths. 

8. Write three hundred twenty-five thousandths. 

4. Write four hundredths. Ans, .04. 

5. Write sixteen thousandths. 

6. Write seventy-four hundred -thousandths. Ans. .00074. 

7. AVrite seven hundred forty-five millionths. 

8. Write four thousand two hundred thirty-two ten-thou- 
sandths. 

9. Write five hundred thousand millionths. 
10. Read the following decimals : 

.05 .681 .9034 .19248 

.24 .024 .0005 .001385 

.672 .8471 .100248 .1000087 

Note. To read a decimal, we first numerate from left to right, and 
the name of the right hand figure is the name of the denominator, AVe 
then numerate from right to left, as in whole nimibers, to read the 
numerator. 

14:S«yA mixed number is a number consisting of integers 

and decimals; thus, 71.406 consists of the integral part, 71, 

and the decimal part, .406; it is read the same as '^I^^q^ 

71 and 406 thousandths. 

EXAMPLES FOR PRACTICE. 

1. Write eighteen, and twenty-seven thousandths. 

2. Write four hundred, and nineteen ten-millionths. 

fTow xaany decimal places must there be to express any decimal ? 
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8. Write fifly-four, and fifty-four millionthfl. 

4. Eighty-one, and 1 ten-thousandth. 

5. One hundred, and 67 ten-thousandths. 

6. Read the following numbers : * 

. 18.027 100.00G7 400.0000019 

81.0001 54.000054 3.03 

75.075 9,2800. 40[,iQ4Q4 ., 

147* From the foregoing explanations and illustrations 
'we derive the following important 

PRINCIPLES OP DECIMAL NOTATION AND NUMERATION. 

1. The value of any decimal figure depends upon its place 
from the decimal point : thus .3 is ten times .03. 

2. Prefixing a cipher to a decimal decreases its value the 
same as dividing it by ten ; thus, .03 is -^ the value of .3. 

3. Annexing a cipher to a decimal does not alter its value, 
since it does not change the place of the significant figures of 
the decimal ; thus, ^(j, or .6, is the same as ^^jj^ or .60. 

4. Decimals increase from right to left, and decrease from 
left to right, in a tenfold ratio ; and therefore they may be 
added, subtracted, multiplied, and divided the same as whole 
numbei*s. 

5. The denominator of a decimal, though never expressed, 
is always the unit, 1, with as many ciphers annexed as there 
are figures in the decimal. 

6. To read decimals requires two numerations; first, /rom 
units, to find the name of the denominator, and second, towards 
units, to find the value of the numerator. 

14r8» Having analyzed all the principles upon which the 
writing and reading of decimals depend, we will now present 
these principles in the form of rules. 

RULE FOR DECIMAL NOTATION. 

I. Write the decimal the same as a whole number, placing 

What is the first principle of decimal notation ? Second ? Third? 
Fourth? TiiOxi Sixtb? Bultfor a9tatign^ilc%t%t«^^ 
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ciphers where necessary to give each significant figure its true 
local value, 

11. Place Hie decimal point before the first figure. 

RULE FOR DECIMAL NUMERATION. 

I. Numerate from the decimal pointy to determine the de^ 
nominator, 

II. Numerate towards the decimal point, to determine the 
numerator, 

III. ^ead the decimal as a whole number, giving it the name 
or denomination of the right hand figure, 

EXAMPLES FOR PRACTICE. 

1. Write 425 millionths. 

2. Write six thousand ten-thousandths. 

3. Write one thousand eight hundred fifty-nine hundred- 
thousandths. 

4. Write 260 thousand 8 billionths. 

5. Read the following decimals : 

.6321 .748243 .2962999 

.5400027 .60000000 .00000006 

6. Write five hundred two, and one thousand six millionths. 

7. Write thirty-one, and two ten-millionths. 

8. Write eleven thousand, and eleven hundred-thousandths. 

9. Write nine million, and nine billionths. 

10. Write one hundred two tenths. Ans. 10.2. 

11. Write one hundred twenty-four thousand three hun- 
dred fifteen thousandths. 

12. Write seven hundred thousandths. 

13. Write seven hundred-thousandths. 
14 Read the following numbers : 

12.36 9.052 62.9999 

142.847 82.004 1858.4583 

1.02 4.0005 27.00045 

Second } Hold for niuntration, fijrst ftsp ? Second \ Third ? 
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REDUCTION. 



KEDrcnoN. 

CASE I. 

149. To reduce decimals to a common denomina- 
tor. 

1. Reduce .5, .375, 3.25401, and 46.13 to their least com- 
mon decimal denominator. 

OPERATION. Analysis. The given decimals must contain 

.50000 as many places eack, as are equal to the greatest 

.37500 number of decimal figures in any of the given 

q OK jrv-i decimals. "We find that the third number con- 

' tains five decimal places, and hence 100000 must 

4o.l oUUV ^0 j^ common denominator. As annexing ciphers 

to dedmala does not alter their value, (144., 3) we give to each number 

five decimal places by annexing ciphers, and thus reduce the given 

decimals to a common denominator. Hence, 

Rule. Give to each number the same number of decimal 
places, by annexing ciphers. 

Notes. 1. If the numbers be reduced to the denominator of that 
one of the given numbers having the greatest number of decimal places, 
they will have their least common decimal denominator. 

2, A whole nitmber may readily be reduced to decimals by placing 
the decimal point after units, and annexing ciphers; one cipher re- 
ducing it to tenths, two ciphers to hundredths, three ciphers to thou- 
sandths, and so on. 

EXAMPLES FOR PRACTICE. 

2. Reduce .17, 24.6, .0003, 84, and 721.8000271 to their 
least common denominator. 

3. Reduce 7 tenths, 24 thousandths, 187 millionths, 5 hun- 
dred millionths, and 10845 hundredths to their least common 
denominator. 

4. Reduce to their least common denominator the following 
decimals : 1000.001, 841.78, 2.6004, 90.000009, and 6000. 

What is meant by the reduction of decimals? Case I is what? 
Give explanation. Kule. 
RP 6 
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CASE n. 

1S#. To reduce a decimal to a common fraction. 

1. Reduce .75 to its equivalent eommon fraction. 

OFEBATION. ANALYSIS. We omit the decimal point, 

^75 __ 75 --- » supply the proper denominator to the deci^ 

mal, and then reduce the common fraction 
thus formed to its lowest terms. Hence, 

BuLE. Omit the decimal pointy and supply the proper 
denominator. 

EXAMPLES FOB PBACTICE. 

2. Reduce .125 to a common fraction. 

3. Reduce .16 to a common fraction. 

4. Reduce .655 to a common fraction. 

5. Reduce .9375 to a common fraction. 

6. Reduce .0008 to a common fraction. 

CASE in. 

ISl. To reduce a common fraction to a decimal. 
1. Reduce f to its equivalent decimal. 

FIRST OPERATION. ANALYSIS. We first annex 

I = fgg = ^^ = .75, Ans. ^^® same number of ciphers 

to both terms of the fraction ; 
SECOND OPERATION. this does not alter its value. 

A\ QQQ We then divide both resulting 

^ — - — terms by 4, the significant fig- 

.75 ure of the denominator, to ob- 

tain the decimal denominator, 
100. Then the fraction is changed to the decimal form by omitting 
the denominator. If the intermediate steps be omitted, the true 
result may be obtained as in the second operation. 

8. Reduce ^ to its equivalent decimal. 

• ' ' 'C ■ ■ 

Case n is what? Give explanation. Rule. Case m is what^ 
Explain first operation. Second. 



JfU. 


h 


An*. 


^^ 


Ans. 


iU' 


Arts. 


i«- 


Ans. 


T^' 
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THIRD OPERATION. ANALYSIS. Dividing as in the former 

16) 1.0000 example, we obtain a quotient of 3 fig- 

7 ures, 625. But since we annexed 4 

.0d2o, Ans, ciphers, there must be 4 places in the 
required decimal; hence we prefix 1, cipher. This is made still 
plainer by the following operation j thus, 

t'c = iVm^ = Tmxj = -0625. 
From these illustrations we derive the following 

Rule. I. Annex ciphers to the numerator^ and divide hy 
the denominator. 

II. Point off as many decimal places in the result as are 
equal to the number of ciphers annexed. 

Note. A common fraction caikbe reduced to an exact decimal when 
its lowest denominator contains only the prime factors 2 and 5, and 
not otherwise. 

EXAMPLES FOR PRACTICE. 



3. 


Reduce f to a decimal. 


Afis. 


.625. 


4. 


Reduce f to a decimal. 






5. 


Reduce -Jf to a decimaL 


Ans. 


.9375. 


6. 


Reduce f to a decimal. 






7. 


Reduce ^ to a decimaL 


Ans. 


.08. 


8. 


Reduce ^ to a decimal. 


Ans. 


.046875. 


9. 


Reduce f to a decimal. 






10. 


Reduce ^ to a decimal. 






11. 


Reduce ^ J^ to a decimal. 


Ans. 


.00375, 


12. 


Reduce ^^^ to a decimal. 


Ans. 


.008, 


13. 


Reduce.^ to a decimal. 


Ans. 


.33333+. 



Note. The sign, +, in the answer indicates that there is still a 
remainder. 

14. Reduce ^f to a decimal. Ans. .513513-f-. 

Note. The answers to the last two examples are called repeating 
decimals ; and the figure 3 in the 13th example, and the figures 513 in 
the 14th, are called repetettds, because they are repeated, or occur in 
regular order. 

Third operation. Rule, fu-st step ? Second? When can a common 
firaction be reduced to an exact decimal } 



.672 
20.0074 
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ADDITION. 

152. 1. What is the sum of 3.703, 621.57, .672, and 
20.0074? 

OPERATION. Analysis. We write the numbers so that %- 

3.703 ^^^ ^ ^® orders of units shall stand in the same 

621 57 columns; that is, units under units, tenths under 

tenths, hundredths under himdredths, &c. This 

brings the decimal points directly under each 

other. Commencing at the right hand, we add 

645.9524 each column separately, and carry as in whole 

numbers, and in the result we place a decimal 

point between units and tenths, or directly under the dedmal point 

in the numbers added. From this example we derive the following 

Rule. I. Write the numbers so that the decimal points 
shall stand directly under each other. 

IL Add as in whole nwnbers, arid place the decimal pointy 
in the result^ directly under the points in the numbers added. 

EXAMPLES FOR PRACTICE. 

2. Add .199 3. Add 4.015 
2.7569 6.75 

.25 27.38203 

.654 375.01 

Sum, 3.8599 ^-^ 

Amount, 4 1 5.65703 

4. Add 1152.01, 14.11018, 152348.21,9.000083. 

Ans. 153523.330263. 

5. Add 37.03, 0.521, .9, 1000, 4000.0004. 

Ans. 5038.4514. 
6l What is the sum of twentj-six, and twenty-six hun- 
dredths ; seven tenths ; six, and eighty-thiee thoosandths ; 
four, and four thousandths? Ans. 37.047. 

ExpUhi the opention of addition of decimals. Give mle^ first step. 
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7. What is the sum of thirty-six, and fifteen thousandths ; 
three hundred, and six hundred five ten-thousandths ; five, 
and three millionths ; sixty, and eighty-seven ten-millionths ? 

Arts. 401.0755117. 

8. What is the sum of fifty-four, and thirty-four hun- 
dredths ; one, and nine ten-thousandths ; three, and two hun- 
dred seven millionths; twenty-three thousandths; eight, and 
nine tenths ; four, and one hundred thirty-five thousandths ? 

Ans. 71.399107. 

9. How many yards in three pieces of cloth, the first piece 
containing 18.375 yards, the second piece 41.625 yards, and 
the third piece 35.5 yards ? 

10. A's farm contains 61.843 acres, B's contains 143.75 
acres, C's 218.4375 acres, and D's 21.9 acres; how many 
acres in the fqur farms ? 

11. My farm consists of 7 fields, containing 12f acres, 18§ 
acres, 9 acres, 24^ acres, 4|J acres, 8 j^ acres, and 15^ J acres 
respectively ; how many acres in my farm ? 

Note, Reduce the common fractions to decimals before adding. 

Am. 93.6375. 

12. A grocer has 2 J barrels of A sugar, 5| barrels of B 
sugar, 3| barrels of C sugar, 3.0642 barrels of crushed 
sugar, and 8.925 barrels of pulverized sugar ; how many bar- 
rels of sugar has he ? Ans. 23.8642. 

13. A tailor made 3 suits of clothes; for the first suit he 
used 2^ yards of broadcloth, 3 ^^ yards of cassimere, and J 
yards of satin ; for the second suit 2.25 yards of broadcloth, 
2.875 yards of cassimere, and 1 yard of satin ; and for the 
third suit 5^^ yards of broadcloth, and 1^ yards of satin. 
How many yards of each kind of goods did he use ? How 
many yards of all? Ans. to last, 18.375. 
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SUBTRACTION. 



Analysis. In each of these 
three examples, we write the 
subtrahend under the minu- 
end, placing units under 
units, tenths under tenths, 
&c. Commencing at the 
right hand, we subtract as 
in whole nimibers, and in 
the remainders we place the 
decimal points directly under 
those in the numbers above. 
In the second example, the 
number of decimal places in 
the minuend is greater than 
the number in the subtra- 
hend, and in the third exam- 
ple the number is less. In 
both cases, we reduce both 
minuend and subtrahend to 
the same number of decimal 
places, by annexing ciphers; 
or we suppose the ciphers to 
be annexed, before performing the subtraction. Hence the 

Rule. I. Write the numbers so that the decimal points 
shall stand directly under each other. 

II. Subtract as in whole numbers^ and place the decimxd 
point in the result directly under the points in the giveji numbers. 

4. Find the difference between 714 and .91 6. ^ws. 71 3.084- 

5. How much greater is 2 than .298 ? Ans, 1.702. 

6. From 21.004 take 75 hundredths. 

7. From 10.0302 take 2 ten-thousandths. Ans. 10.03. 

8. From 900 take .009. Ans. 899.991. 

9. From two thousand take two thousandths. 

10. From one take one millionth. Ans, .999999. 



153. 1. From 91.73 take 2.18. 

OPEBATION. 
91.73 

2.18 
Ans. 89.55 

2. From 2.9185 take 1.42. 

OPERATION. 

2.9185 
1.42 

Ans. 1.4985 

3. From 124.65 take 95.58746. 

OPERATION. 

124.65 
95.58746 

Ans. 29.06254 



Explain subtraction of fractions. Give the rule, first step. Second. 



MULTIPLICATION. 127 

11. From four hundred twenty-seven ihousandths take 
four hundred twenty-seven millionths. Arts, .426573. 

12. A man owned thirty-four hundredths of a township of 
land, and sold thirty-four thousandths of the township ; how 
much did he still own ? Ans. .306. 



MULTIPLICATION. 

1541:« 1. What is the product of .35 multiplied by .5 ? 

OPERATION. Analysis. We perform the multiplication the 

.35 same as in whole numbers, and the only difficulty 

5 we meet with is in pointing off the decimal places 

in the product. To determine how many places to 

.175, .aiw. point off, we may reduce the decimals to common 
fractions; thus, .35 =:^ and .5 = ^^. Perform- 
ing the multiplication, and we have ^^ X tV = ^^» ^^^ *" 
product, expressed decimally, is .175, Here we see that the prod- 
uct contains as many decimal places as are contained in both mul- 
tiplicand and multiplier. Hence the following 

Rule. Multiply as in whole numbers^ and from the right 
hand of the product point off as manyfgures for decinuds as 
there are decimal places in both factors. 

Notes. 1. If there he not as many figures in the product as there 
are decimals in hbth factors, supply the deficiency hy prefixing ciphers. 

2. To multiply a decunal hy 10, 100, 1000, &c., remove the pomt as 
many places to the right as there are ciphers on the right of the multi- 
plier. 

EXAMPLES. 

2. Multiply 1.245 by .27. Ans. .33615. 

3. Multiply 79.347 by 23.15. Ans. 1836.88305. 

4. Multiply 350 by .7853. 

5. Multiply one tenth by one tenth. Ans. .01. 

6. Multiply 25 by twenty-five hundredths. Ans. 6.25. 

Explain multiplication of decimals. Give ru/c. If the product have 
less decimal places than both factors, how proceed ? How multiply by 
10, 100, 1000, &c. i 



i 
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7. Multiply ,132 by .241. Jn*. .031812. 

8. Multiply 24.35 by 10. 

9. Multiply .006 by 1000. Ans. 6. 

10. Multiply ,23 by .009. Ans. .00207. 

11. Multiply sixty-four thousandths by thirteen million tha 

Ans. .000000832. 

12. Multiply eighty-seven ten-thousandths by three hun* 
di-ed iifty-twc hundred-thousandths. 

13. Multiply one million by one millionth. Ans. 1. 

14. Multiply sixteen thousand by sixteen ten-thousandths. 

Ans. 25.6. 
15r If r. conj of wood be worth 2.37 bushels of wheat, how 
many bushels of wheat must be given for 9.58 cords of wood ? 

Ans. 22.7046 bushels. 



DIVISION. 

ISSo 1« What is the quotient of .175 divided by .5 ? 

OPERATION. Analysis. We perform the division the same as 
.5 ) J75 ^ whole numbers, and the only difficulty we meet 

with is in pointing oflf the decimal places in the quo- 

Ans. oOO tient. To determine how many places to point off, 
we may reduce the decimals to common fractions; thus, .175=: 
^^, and .5=1^. Performing the division, and we have 

175 . 5 _ t7t$ 10__ 35 
"— — x — — 



1000 10 1000 $ 100 

and this quotient, expressed decimally, is .35. Here we see that the 
dividend contains as many decimal places as are contained in both 
divisor and quotient. Hence the following 

RuLB. Divide as in whole numbers, and from the right 
hand oj the quotient point off as many places for decimals 
as ihe decimal places in the dividend exceed those in the 
divisor* 

Explain division of decimals. Give rule. 
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Notes. 1. If the number of figures in the quotient be less than the 
excess of the decimal places in the dividend over those in the divisor, 
the deficiency must be supplied by prefixing ciphers. 

2. If there be a remainder after dividing the dividend, annex ciphers, 
and continue the division: the ciphers annexed are decimals of the 
dividend. 

3. The dividend must always contain at least as many decimal places 
as the divisor, before commencing the division. 

4. In most business transactions, the division is considered sufii- 
ciently exact when the quotient is carried to 4 decimal places, unless 
great accuracy is required. 

5. To divide by 10, 100, 1000, &c., remove the decimal point as 
many places to the left as there are ciphers on the right hand of the 
divisor. 



EXAMPLES FOR PRACTICE. 

2. Divide .675 by .15. Ans. 4.5. 

3. Divide .288 by 3.6. Ans. .08. 

4. Divide 81.6 by 2.5. Ans. 32.64 

5. Divide 2.3421 by 21.1. 

6. Divide 2.3421 by .211. 

7. Divide 8.297496 by .153. Ans. 54.232. 

8. Divide 12 by .7854. 

9. Divide 3 by 3 ; divide 3 by .3; 3 by .03 ; 30 by .03. 

10. Divide 15.34 by 2.7. 

11. Divide .1 by .7. Ans. .142857+. 

12. Divide 45.30 by .015. Ans. 8020. 

13. Divide .003753 by 625.5. Ans. .000006. 

14. Divide 9. by 450. Ans. .02. 

15. Divide 2.39015 by .007. Ans. 341.45. 

16. Divide fifteen, and eight hundred seventy-five thoir 
sandthSfby twenty-five ten-thousandths. Ans. 6350. 

17. Divide 365 by 100. 

18. Divide 785.4 by 1000. Ans. .7854. 

19. Divide one thousand by one thousandth. 

Ans. 1000000. 



When are ciphers prefixed to the quotient ? If there be a remainder, 
how proceed ? If the dividend have less decimal places than the divi- 
sor, how proceed ? How divide by 10, 100, 1000, &c. ? 
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PBOMISCtTOtTS EXA1CPLE8. 



1. Add six hundred, and twenty<five thousandths; four 
tenths ; seven, and sixty-two ten-thousandths ; three, and fiily- 
eight millionths ; ninety-two, and seven hundredths. 

Jns. 702.501258. 

2. What is the sum of 81.003 + 5000.4 + 5.0008 + 
73.87563 + 1000 + 25 + 3.000548 + .0315 ? 

3. From eighty-seven take eighty-seven thousandths. 

4. What is the difference between nine million and nine 
millionths? ^ Ans. 8999999.999991. 

5. Multiply .365 by .15. Ans. ,05475. 

6. Multiply three thousandths by four hundredths. 

7. If one acre produce 42.57 bushels of com, how many 
bushels will 18.73 acres produce ? Ans. 797.3361. 

8. Divide .125 by 8000, Ans. .000015625, 

9. Divide .7744 by .1936. 

10. Divide 27.1 by 100000. Ans. .000271. 

11. If 6.35 acres produce 70.6755 bushels of wheat, what 
does one acre produce ? Ans, 11.13 bushels. 

12. Reduce .625 to a common fraction. Ans, ^. 

13. Express 26.875 by an integer and a common fraction. 

Ans. 26J. 

14. Reduce yf^ to a decimal fraction. Ans. .016. 

15. Reduce -~| to a decimal fraction. Ans. .5. 

16. How many times will .5 of 1.75 be contained in .25 of 
I7i? ^ Ans. 5. 

17. What will be the cost of 3 J bales of doth, each bale 
containing 36.75 yards, at .85 dollars per yard ? 

J 8. Traveling at the rate of 4f miles an hour, how many 
hours will a man require to travel 56.925 miles. 

Ans. 123 hours. 



NOTATION AND. NUMERATION. ISl 



DECIMAL CURRENCY. 

156. Coin is money stamped, and has a given value e^ 
tablished bj law. 

137« Currency is coin, bank bills, treasury notes, &c., in 
circulation as a medium of trade. 

1«S8 • A Decimal Currency is a currency whose denom- 
inations increase and decrease in a tenfold ratio. 

Note. The currency of the United States is dechnal currency, and 
is sometimes called Federal Money ; it was adopted by Congress in 1786. 

NOTATION ANP NUMERATION. 

The gold coins of the United States are the double eagle, 
eagle, half and quarter eagle, three dollar piece, and dollar. 

The silver coins are the dollar, half and quarter dollar, dime 
and half dime, and three cent piece. 

The nickel coin is the cent 

Notes. 1 . The following pieces of gold are in use, but are not legal 
coin, ^'iz. ; the fifty dollar piece, and the half and quarter dollar pieces. 

2. The copper cent and half cent, though still in circulation, are no 
longer coined. 

3. The mill is used only in con^putation ; it is not a coin. 



TABLE. 




10 mills (m.) make 1 cent, 


• • • C» 


10 cents " 1 dime. 


• . • d» 


10 dimes ** 1 dollar. 


• • • ^. 


10 dollars " 1 eagle. 


• • • £• 


UNIT EaUIVALENTS. 




Millg. Cents. 




10 = 1 Dto,^ 




100 = 10 = 1 D.n« 


.n. 



1000 HZ 100 =10 =1 Eagle. 

10000 = 1000 = 100 = 10 = 1 

Note. The character $ is supposed to be a contraction of tJ. S., 
(United States,) the U being placed upon the S. 

WTiat is coin? Currency? Decimal currency? Federal money? 
What are the gold coins of IT. S. ? Silver ? Copper ? Wh&t w^lJ&sb 
denominations of IT. S. currency ? "What is tlhfc c^^oi ^cJ^^"^ "^x^swk. 
what derived ? 
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139 • The dollar is the unit of United States money; 
dimes, cents, and mills are fractions of a dollar, and are sepa- 
rated from the dollar by the decimal point ; thus, two dollara 
one dime two cents five mills, are written $2,125. 

By examining the table, we see that the dime is a tenth part 
of the unit, or dollar ; the cent a tenth part of the dime or a 
hundredth part of the dollar ; and the mill a tenth part of the 
cent, a hundredth part of the dime, or a thousandth part of the 
dollar. Hence the denominations of decimal currency increase 
and decrease the same as decimal fractions, and are' expressed 
according to the same decimal system of notation ; and they 
may be added, subtracted, multiplied, and divided in the same 
manner as decimals. 

Dimes are not read as dimesy but the two places of dimes 
and cents are appropriated to cents ; thus, 1 dollar 3 dimes 
2 cents, or $1.32, are read one dollar thirty-two cents ; hence, 

When the number of cents is less than iO, we write a cipher 
hefore it in the place of dimes. 

Note. The half cent is frequently written as 6 mills ; thus, 24J cents, 
written $.245. 

160. Business men frequently write cents as common 
fractions of a dollar ; thus, three dollars thirteen cents are 
written $3^^^, and read, three and thirteen hundredths dollars. 
In business transactions, when the final result of a computation- 
contains 5 mills or more, they are called one cent, and when 
less than 5, they are rejected. 

EXAMPLES FOR PRACTICE. 

1. Write four dollars ^ve cents. Ans. $4.05. 

2. Write two dollars nine cents. 

3. Write ten dollars ten cents. 

4. Write eight dollars seven mills. Ans. $8,007. 

What is the unit of TJ. S, currency ? "What is the general law of 
increase and decrease ? In practice, how many decimal places are given 
to cents ? In business transactions, how are cents frequently written ? 
What is done if the mills exceed 5 ? If less than 5 ? 



REDUCTION. 158 

5. Write sixty-four cents. -4m*, $0.64. 

6. Write three cents two mills. 

7. Write one hundred dollars one cent one milL 

8. Read $7.93 ; $8.02 ; $6,542. 

9. Read $5,272; $100,025; $17,005. 

10. Read $16,205; $215,081; $1000.011; $4,002. 



REDUCTION. 

14^ !• By examining the table of Decimal Currency, we se« ' 
thax 10 mills make one cent, and 100 cents, or 1000 mills, 
make one dollar ; hence, 

To change dollars to cents, multiply ^100; that is, annex 
two ciphers. 

To change dollars to mills, annex three ciphers. 
To change cenis to mills, annex one cipher, 

EXAMPLES FOR PRACTICE. 

1. Change $792 to cents. Ans. 79200 cents. 

2. Change $36 to cents. 
8. Reduce $5248 to cents. 

4. In 6.25 dollars how many cents ? Ans* 625 cents. 

Note. To change dollars and cents to cents, or dollars, cents, %nd 
mills to mills, remove the decimal point and the ngn, $. 

5. Change $63,045 to mills. Am. 68045 mills. 

6. Change 16 cents to mills. 

7. Reduce $3,008 to mills. 

8. In 89 cents how many mills ? 

163. Conversely, 

To change cents to dollars, divide 5y 100 ; that is, point off 
. two figures from the right. 

To change miUs to dollars, point off three Jigures. 
To change mills to cents, point off one figure. 

How are dollars changed to cents ? to mills ? How are cents changed 
to mills'? How are cents changed to dollars ? Mills to dollars ? to cents? 
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EXAMPLES FOR PRACTICE. 

1. Change 875 cents to dollars. Ans. $8.75. 

2. Change 1504 cents to dollars. 

3. In 13875 cents how many dollars ? 

4. In 16525 mills how many dollars? 

5. Reduce 524 mills to cents. 

6. Reduce 6524 mills to dollars. 

ADDITION. 

163« 1. A man bought a cow for 21 dollars 50 cents, a 
horse for 125 dollars 37^ cents, a harness for 46 dollars 75 cents, 
and a carriage for 210 dollars ; how much did he pay for all ? 

OPERATION. 

$ 21 50 Analysis. "Writing dollars under dol- 

^oR 07R l^s, cents under cents, &c., so that the 

decimal points shall stand under each 

other, we add and point off as in addition 

"^Q-^Q of decimals. Hence the following 

Ans. $403,625 

Rule. I. Write dollars under dollars, cents under cents, ^c. 
U. Add as in simple numbers, and place the point in the 
amount as in addition of decimals, 

examples for practice. 

2. What is the sum of 50 dollars 7 cents, 1000 dollars 75 
cents, 60 dollars 3 mills, 18 cents 4 mills, 1 dollar 1 cent, and 
25 dollars 45 cents 8 mills ? Ans, $1137.475. 

3. Add 364 dollars 54 cents 1 mill, 486 dollars 6 cents, 93 
dollars 9 miUs, 1742 dollars 80 cents, 3 dollars 27 cents 6 
mills- Ans. $2689.686. 

4. Add 92 cents, 10 cents 4 mills, 35 cents 7 mills, 18 cents 
6 mills, 44 cents 4 mills, 12J cents, and 99 cents. Ans. $3,126. 

Explain the process of addition of decimal currency. Rule, first step. 
Second, 
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5. A farmer receives 89 dollars 74 cents for wheat, 13 dol- 
lars 3 cents for com, 6 dollars 37 j^ cents for potatoes, and 19 
dollars 62 j^ cents for oats; what does he receive for the 
whole? A71S. $128.77. 

6. A lady bought a dress for 9 dollars 17 cents, trimmings 
for 87^ cents, a paper of pins for Q^ cents, some tape for 4 
cents, some thread for 8 cents, and a comb for 1 1 cents ; what 
did she pay for all ? Ans. $10.3375. 

7. Paid for building a house $2175.75, for painting the 
same $2 40.3 7 i, for furniture $605.40, for carpets $140.12^; 
what was the cost of the house and furnishing ? 

8. Bought a ton of coal for $6.08, a barrel of sugar for 
$26,625, a box of tea for $16, and a barrel of flour for $7.40 ; 
what was the cost of all ? 

9. A merchant bought goods to the amount of $7425.50 ; 
he paid for duties on the same $253.96, and for freight 
$170.09 ; what was the entire cost of the goods ? 

10. I bought a hat for $3.62^, a pair of shoes for $1|, an 
umbrella for $1|, a pair of gloves for $.62 J, and a cane for 
$.87 J ; what was the cost of all my purchases ? Am* $8.25. 

SUBTRACTION. 

164. 1. A man, having $327.50, paid out $186.75 for 
a horse ; how much had he left ? 

OPERATION. Analysis. "Writing the less number un- 

$327.50 ^^^ *^^ greater, dollars under dollars, cents 

186 75 under cents, &c., we subtract and point off 

'■ — in the result as in subtraction of decimals. 

Ans. $140.75 Hence the following 

Rule. I. Write the subtrahend under the minuend, dollars 
under dollars, cents under cents, S^c, 

11. Subtract as in simple numbers, and place the point in 
the remainder, as in subtraction of decimals* 

Explain the prooess of subtraction. Give Tu\e, fit^X. ^^e^. ^ftKXst^ 
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EXAMPLES FOB PRACTICE. 

2. From $365 dollars 5 mills take 267 dollars 1 cent 8 
mills. Ans. $97,987. 

3. From 50 dollars take 50 cents. Ans. $49.50. 

4. From 100 dollars take 1 mill. Ans. $99,999. 

5. From 1000 dollars take 3 cents 7 mills. 

6. A man bought a farm for $1575.24, and sold it for 
$1834.16; what did he gain? Ans. $258.92. 

7. Sold a horse for 145 dollars 27 cents, which is 37 dol- 
lars 69 cents more than he cost me ; what did he cost me ? 

8. A merchant bought flour for $5.62^ a barrel, and sold 
it for $6.84 a barrel ; how much did he gain on a barrel ? 

9. A gentleman, having $14725, gave $3560 for a store, 
and $70 15. 87 J for goods ; how much money had he left ? 

10. A lady bought a silk dress for $13|, a bonnet for $5j, a 
pair of gaiters for $lf , and a fan for $| ; she paid to the shop- 
keeper a twenty dollar bill and a five dollar bill ; how much 
change should he return to her? Ans. $3.75. 

Note. Reduce the fractions of a dollar to cents and mills. 

11. A gentleman bought a pair of horses for $480, a har- 
ness for $80.50, and a carriage for $200 less than he paid for 
both horses and harness ; what was the cost of the carriage ? 

Ans. $360.50. 

MULTIPLICATION. 

16S. 1. If a barrel of flour cost $6,375, what will 85 
barrels cost ? 

OPERATION. 

$6,375 Analysis. We multiply as in simple 

85 numbers, always regarding the multiplier 

■"rrrri as an abstract number, and point oflf from 

tJ18/D ^Y^Q right hand of the result, as in multipli- 

^^^^^ cation of decimals. Hence the following 

Ans. $541,875 

Give analysis for multiplication in decimal ourrency. 
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Rule. Multiply as in simple numhersy and place the point 
in the product, as in multiplication of decimals, 

EXAMPLES FOR PRACTICE. 

2. If a cord of wood be worth $4,275, what will 300 cords 
be worth? Ans. $1282,50. 

3. What will 175 barrels of apples cost, at $2.45 per bar- 
rel? Ans. $428.75. 

! 4. What will 800 barrels of salt cost, at $1.28 per barrel? 

5. A grocer bought 372 pounds of cheese at $.15 a pound, 
434 pounds of coffee at $.12^ a pound, and 16 bushels of pota- 
toes at $.33 a bushel ; what did the whole cost ? 

6. A boy, being sent to purchase groceries, bought 3 pounds 
of tea at 56 cents a pound, 15 pounds of rice at 7 cents a 
pound, 27 pounds of sugar at 8 cents a pound ; he gave the 
grocer 5 dollars ; how much change ought he to receive ? 

7. A farmer sold 125 bushels of oats at $.37 J a bushel, 
and received in payment 75 pounds of sugar at $.09 a pound, 
12 pounds of tea at $.60 a pound, and the remainder in cash ; 
how much cash did he teceive ? Ans. $32.92 j.. 

8. A man bought 150 acres of land for $3975 ; he after- 
ward sold 80 acres of it at $32.50 an acre, and the remainder 
at $34.25 an acre ; how much did he gain by the transaction ? 

Ans. $1022.50. 

DIVISION. 

166. 1. If 125 barrels of flour cost $850, how much 
will 1 barrel cost ? 

OPERATION. Analysis. We divide as in 

125 ) $850.00 ( $6.80, Ans. ?^™P^® numbers, and as there 

<75Q is a remainder after dividing 

the dollars, we reduce the div- 

1000 idend to cents, by annexing two 

1000 ciphers, and continue the di- 

7 vision. Hence the following 

Bule. Give rule for division in decimal currency. 
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Rule. Divide as in simple numbers, and place the point tn 
the quotient, as in division of decimals. 

Notes. 1. Li business transactions it is never necessary to carry 
the division further than to mills in the quotient. 

2. K the dividend will not contain the divisor an exact number of 
times, ciphers may be annexed, and the division continued as in divis- 
ion of decimals. In this case it is always safe to reduce the dividend 
to mills, or to 3 more decimal places than the divisor contains, be- 
fore commencing the division. 

EXAMPLES FOR PRACTICE. 

2. If 33 gallons of oil cost $41.25, what is the cost per gal- 
lon ? Jns. $1.25. 

3. If 27 yards of broadcloth cost $94.50, what will 1 yard 
cost? 

4. If 64 gallons of wine cost $136, what will 1 gallon cost? 

Ans. $2,125. 

5. At 12 cents apiece, how many pine-apples can be bought 
for $1.32? Ans. 11. 

6. If 1 pound of tea cost 54 cents, how many pounds can 
be bought for $405? 

7. If a man earn $180 in a year, how much does he earn 
a month ? 

8. If 100 acres of land cost $2847.50, what will 1 acre 
cost? Ans. $28,475. 

9. What cost 1 pound of beef, if 894 pounds cost $80.46? 

Ans. $.09. 

10. A farmer sells 120 bushels of wheat at $1.12^ a bushel, 
for which he receives 27 barrels of flour ; what does the flour 
cost him a barrel ? 

11. A man bought 4 yards of cloth at $3.20 a yard, and 
37 pounds of sugar at $.08 a pound ; he paid $6.80 in cash, 
and the remainder in butter at $.16 a pound ; how many pounds 
of butter did it take? Ans. 56 pounds. 

12. A man bought an equal number of calves and sheep, 
paying $166.75 for them ; for the calves he paid $4.50 a head, 
and for the sheep $2.75 a bead ; how many did he buy of each 
kind? Ans. 23. 
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13.' If 154 pounds of sugar cost $18.48, what will 1 pound 
cost? 

14 A merchant bought 14 boxes of tea for $560; it being 
damaged he was obliged to lose $106.75 on the cost of it; 
how much did he receive a box ? Ans, $32.37 j^. 

Additional Applications. 

CASE I. 

167. To find the cost of any number or quantity, 
When the price of a unit is an aliquot part of one dollar. 

168. An Aliquot Part of a number is such a part as will 
exactly divide that number; thus, 8, 6, and 1^ are aliquot 
parts of 15. 

NoTJ*. An aliquot part may be a whole or *a mixed number, while a 
factor must be a whole number. 

ALIQUOT FABTS OP ONE DOLLAR. 



50 cents = ^ of 1 dollar. 

33 J cents = ^ of 1 dollar. 

25 cents == |^ of 1 dollar. 

20 cents = ^ of 1 dollar. 

16$ cents = J of 1 dollar. 



12^ cents = J of 1 dollar. 
10 cents = i*j of 1 dollar. 

8 J cents = ^^ of 1 dollar. 

6 J cents = -j^ of 1 dollar. 

5 cents = 2^ of 1 dollar. 



1. What will be the cost of 3784 yards of flannel, at 25 
cents a yai-d ? 

OPERATION. Analysis. If the price were $1 a yard, 

4 ") 3784 *^® ^^^^ would be as many dollars as there are 

yards. But since the price is ^ of a dollar a 

Ans. $946 yard, the whole cost will be \ as many dollars 
as there are yards ; or, \ of 3784 = 3784 -- 4 = $946. Hence the 

Rule. Take such a fractional part of the given number as 
the price is part of one doUar. 

EXAMPLES FOR PRACTICE. 

2. What cost 963 bushels of oats, at 33^ cents per bushel? 

Ans, $321. 

Case I is what ? What is an aliquot part of a dollar ? Give ex- 
planation. Rule. 
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3. What cost 478 yards of delaine, at 50 cents per yard ? 

4. What cost 4266 yards of sheeting, at 8^ cents a yard? 

Am. $355.50. 

5. What cost 1250 bushels of apples, at 12 J cents per 
bushel? Ans. $156.25. 

6. What cost 3126 spools of thread, at 6^ cents per spool? 

Ans. $195,375. 

7. At 16§ cents per dozen, what cost 1935 dozen of eggs? 

Ans. 322.50. 

8. What cost 56480 yards of calico, at 12 J per yard ? 

9. At 20 cents each what will be the cost of 1275 salt 
barrels? * Ans. $255, 

CASE II. 

169. The price of one and the quantity being given, 
to find the cost. 

1. How much will 9 barrels of flour cost, at $6.25 per 
barrel ? 

OPERATION. Analysis. Since one barrel cost $6.25,9 

$6.25 barrels will cost 9 times $6.25, and $6.25 X 
g 9 = $56.25. Hence 

Ans. $56.25 

Rule. Multiply the price of one hy the quantity. 

EXAMPLES FOR PRACTICE. 

2. If a pound of beef cost 9 cents, what will 864 pounds 
cost? Ans. $77.76. 

3. What cost 87 acres of government land, at $1.25 per 
acre? 

4. What cost 400 barrels of salt, at $1.45 per barrel ? 

Ans, $580. 
5 What cost 16 chests of tea, each chest containing 52 
pounds, at 44 cents per pound ? 

Case n is what \ Giye explanation. Rule. 
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CASE III. 

17© • The cost and the quantity being given, to find 
the price of one. 

1. If 30 bushels of corn cost $20.70, what will 1 bushel 
cost? 

OPERATION. Analysis. If 30 bushels cost $20.70, 1 

310 ) $210 70 bushel will cost ^ of $20.70; and $20.70 -r 

' 30 = $.69. Hence, 

$.69 

EuLE. Divide the cost by the qtmntity. 

EXAMPLES FOR PRACTICE. 

2. If 25 acres of land cost $175, what will 1 acre cost? 

3. If 48 yards of broadcloth cost $200, what will 1 yard 
cost? Arts. $4.1 6§. 

4. If 96 tons of hay cost $1200, what will 1 ton cost? 

5. If 10 Unabridged Dictionaries cost $56.25, what will 1 
cost? Am. $5.62^. 

6. Bought 18 pounds of tea for $11.70 ; what was the price 
per pound ? Ans. $.65. 

7. If 53 pounds of butter cost $10.07, what will 1 pound 
cost? 

8. A merchant bought 800 barrels of salt for $1016; what 
did it cost him per barrel ? 

9. If 343 sheep cost $874.65, what will 1 sheep cost ? 

A71S. $2.55. 

10. If board for a family be $684.37 J for 1 year, how much 
is it per day? Ans. $1.87f 

CASE IV. 

171. The price of one and the cost of a quantity 
being given, to find the quantity. 

1. At $6 a barrel for flour, how many barrels can be bought 
for $840 ? 

Case III is what ? Give explanation. Rule. C«jBfe Y^ \&^\ajX> 
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OPERATION. Analysis. Since $6 will buy 1 barrel 

6 ) 840 of flour, $840 will buy ^ as many barrels 

~ as there are dollars, or as many barrels as 

A718. 140 barrels. ^q j^ contained times in $840 > 840-^6 
= 140 barrels. Hence, 

Rule. Divide the cost of the qiiantity hy the price of one. 

EXAMPLES FOR PRACTICE. 

2. How many dozen of eggs can be bought for $5.55, if one 
dozen cost $.15 ? Ans, 37 dozen. 

3. At $12 a ton, how many tons of hay can be bought for 
$216? Ans. 18 tons. 

4. How many bushels of wheat can be bought for $2178.75, 
if 1 bushel cost $1.25 ? Ans, 1743 bushels. 

5. A daiiyman expends $643.50 in buying cows at $19j> 
apiece ; how many cows does he buy ? Ans. 33 cows. 

6. At $.45 per gallon, how many gallons of molasses can 
be bought for $52.65? 

7. A drover bought horses at $264 a pair; how many 
horses did he buy for $6336 ? 

8. At $65 a ton, how many tons of railroad iron can be 
bought for $117715? Ans. 1811 tons. 

CASE V. 

ira. To find the cost of articles sold by the 100, 
1000, &c. 

1. What cost 475 feet of timber, at $5.24 per 100 feet ? 

FIRST OPERATION. 

$5.24 Analysis. If the price were $5.24 per 

475 /oo^, the cost of 475 feet would be 475 X 

$5.24 = $2489. But since $5.24 is the 

2620 price of 100 feet, $2489 is 100 times the true 

3668 value. Therefore, to obtain the trae value, 

2096 ^® divide $2489 by 100, which we may do 

by cuttinff off two figures from the right, and 

100) $2489.00 the resuU is $24.89 Or, 

Ans. $24.89 

Give explanation. Rule. Case V is what ? Give first explanation* 
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SECOND OPERATION. ANALYSIS. Since 1 foot costs Y^> Of- ^h 

$5.24 of $5.24, 475 feet will cost ^, or 4.75 times 

4 75 $5.24, which is $24.89. 

2620 Note. For the same reasons, when the price 

o«/»Q is per thousand, we divide the product by 1000, 

^^^^ or, which is more convenient in practice, we re- 

2096 duce the given quantity to thousands and deci- 

7~ mals of a thousand, by pointing off three figures 

$24.8900 from the right hand. Hence the 

EuLE. I. Reduce the given quantity to hundreds and deci- 
mals of a hundred, or to thousands and decimals of a thousand. 

II. Multiply the price by the quantity, and point off in the 
result as in mvUiplication of decimals. 

Note. The letter C is used to indicate hundreds, and Mto indicate 
thousands. 

EXAMPLES FOB PRACTICE. 

2. What wUl 42650 bricks cost, at $4.50 per M ? 

Am. $191,925. 

3. What is the freight on 2489 pounds from Boston to New 
York, at $.85 per 100 pounds ? Ans. $21,156-}-. 

4. What will 7842 feet of pine boards cost, at $17.25 
perM? Ans. $135,274-}-. 

5. What cost 2348 pine-apples, at $124 per 100 ? 

6. A broom maker bought 1728 broom-handles, at $3 per 
1000 ; how much did they cost him ? 

7. What is the cost of 2400 feet of boards, at $7 perM; 
865 feet of scantling, at $5.40 perM; and 1256 feet of lath, at 
$.80 per C? Ans. $31,519. 

8. What will be the cost of 1476 pounds of beef, at $4.37^ 
per hundred pounds ? 

CASE VI. 

173. To find the cost of articles sold by the ton of 
2000 pounds. 

1 . How much will 2376 pounds of hay cost, at $9.50 per ton ? 
Gire second explanation. Rule, first step. Second. Case VI Is what ? 
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OPERATION. Analysis. Since 1 ton, or 2000 pounds, cost 

2 ) $9.50 $9.50, 1000 pounds, or ^ ton, will cost ^ of $9.50, 

— — or $9.50 -7- 2 = $4,75. One pound will cost 

^^•^^ TUW* or -^^l' of $4.75, and 2376 pounds will 

2.376 cost 2 m^ or 2.376 times $4.75, which is $1 1.286. 

$11.28600 Hence, 

Rule. I. Divide the price of 1 toti hy 2, and the quotient 
will he the price of 1000 pounds, 

II. Multiply this quotient hy the given number of pounds 
expressed as thousandths, as in Case V. 

EXAMPLES FOR PRACTICE. 

2. At $7 a ton, what will 1495 pounds of haj cost? 

Ans, $5.2325. 

3. At $8.75 a ton, what cost 325 pounds of hay ? 

Ans. $1,421+. 

4. What is the cost of 3142 pounds of plaster, at $3.84 per 
ton? Ans. $6.032-f-. 

5. What is the cost of 1848 pounds of coal, at $5.60 per 
ton? 

6. Bought 125 sacks of guano, each sack containing 148 
pounds, at $18 a ton ; what was the cost ? 

7. What must be paid for transporting 31640 pounds of 
railroad iron from Philadelphia to Richmond, at $3.05 per 
ton? Ans. $48,251. 

Bills. 

174. A Bill, in business transactions, is a written state- 
ment of articles bought or sold, together with the prices of 
each, and the whole cost 

Find the cost of the several articles, and the amount or 
footing of the following bills. 

Give explanation. Rule. What is a bill ? Explain the manner of 
making out a bill. 
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(I) 

Mr. John Rice, ^^^ "^«'»''' "^""^ 20, 1859. 
Bot of Baldwin & Shebwood, 

7 yds. Broadcloth, (a> $3.60 

9 " Satinet, " 1.12J 

12 " Vesting, « .90 

24 " Cassimere, « 1.37^ 

82 " Flannel, " .65 



Rec'd Payment, t> . o 

^ • Baldwin & Shebwood. 

(2.. 

Daniel Chapman & Co., ^*^"«^' '^*°- 1' ^«^«- 

jBoV; of Palmer & Brother. 

67 pairs Calf Boots, (cb $3.75 



108 


« Thick « 


u 


2.62 


75 


« Gaiters, 


a 


1.12 


27 


« Buskins, 


a 


.86 


35 


« Slippers, 


« 


.70 


60 


« Rubbers, 


M 


1.04 


iJec'rf. Pai 


$717.98 






Palmer & Brother, 


r 


"""^^^"T^ 




By Geo. Bakee. 


\ 


^,00^'^^^^ /ox 




G. B. Grannis, 


Charleston, Sept. 6, 1859. 




BoH. 


of Stewart & Hammond, 


325 lbs. A. Sugar, 


(q> 


$.07 


148 " 


B. " 


M 


.06i 


286 « 


Rice, 


a 


.05 


95 « 


0. J. Coffee, 


(( 


.12^ 


50 boxes Oranges, 


(( 


2.75 


75 - 


'* Lemons, 


M 


8.62i 


12 ' 


'• Raisins, 


t( 


2.85 . 



R P 



1501.75 
Seed. Payment^ hy note qi 4 mo, 

Stewart & Hammond. 
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(4.) 
Messrs. Osborn&Eatok, St. Louis, Oct 15, 1858. 
BoH. of Rob't. H. Carter & Co., 
20000 feet Pine Boards (cb $15 per M. 



7500 « Plank, 


9.50 « 


10750 « Scantling, " 


6.25 " 


8960 « Timber, « 


2.62^ « 


5287 « " 


3.00 « 




$464.6935 


i2e<;'d Payment^ 




Rob't 


. H. Carter & Co. 


(5.) 




Mr. J. C. Smith, Cincinnati, May 3, 1861. 


BoH. 


of Silas Johnson, 


25 lbs. Coffee Sugar, 


(q> $.11- 


5 « Y. H.Tea, 


" .62^- 


26 « Mackerel, 


« .06^- 


4 gal. Molasses, 


« .42 - 


46 yds. Sheeting, 


« .09 * 


80 " Bleached Shirting, 


" .14 ^ 


6 skeins Sewing Silk, 


•' .04 ' 


4 doz. Buttons, 


« .12 • 



Silas Johnson, 

Per John Wise. 

PROMISCUOUS EXAMPLES. 

1. What will 62.75 tons of potash cost, at $124.85 per ton ? 

Am. $7802.9625. 

2. What cost 15 pounds of butter, at $.17 a pound ? 

Av^. S2.55. 

3. A cargo of com, containing 2250 bushels, was sold for 
$1406.25 ; what did it sell for per bushel ? Am. $f 
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4. If 12 yards of cloth cost $48.96, what will one yard 
cost? 

5. A traveled 325 miles by railroad, and C traveled .45 of 
that distance ; how far did C travel ? Ans. 146.25 miles. 

6. If 36.5 bushels of corn grow on one acre, how many 
acres will produce 657 bushels ? Ans, 18 acres. 

7. Bought a horse for $105, a yoke of oxen for $125, 4 
cows at $35 apiece, and sold them all for $400 ; how much 
was gained or lost in the transaction ? 

8. A man bought 28 tons of hay at $19 a ton, and sold it 
at $15 a ton ; how much did he lose ? Ans, $112. 

9. If a man travel 4f miles an hour, in how many hours 
can he travel 34j^ miles ? Ans, 7.5 hours. 

10. At $.31^ per bushel, how many bushels of potatoes 
can be bought for $9 ? Ans. 28.8 bushels. 

11. If a4nan's income be $2000 a year, and his expenses 
$3.50 a day, what will he save at the end of a year, or 365 
days ? 

1 2. A merchant deposits in a bank, at one time, $687.25, 
and at another, $943.64 ; if he draw out $875.29, how much 
will remain in the bank ? 

13. Bought 288 barrels of flour for $1728, and sold one 
half the quantity for the same price I gave for it, and the other 
half for $8 per barrel ; how much did I receive for the whole ? 

Ans. $2016. 

14. What will eight hundred seventy-five thousandths of a 
cord of wood cost, at $3.75 per cord ? Ans. $3,281+. 

15. A drover bought cattle at $46.56 per head, and sold 
them at $05.42 per head, and thereby gained $3526.82 ; how 
many cattle did he buy? Ans. 187. 

16. If 30.48 yards of cloth cost $54.72, what will 14.25 
yards cost? Ans. $21,375. 

17. A liouse cost $3548, which is 4 times as much as the 
furniture cost ; what did the furniture cost ? Ans. $887. 

18. How many bushels of onions at $.82 per bushel, can 
be bought for $112.34? 
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19. If 46 tons of iron cost $3461.50, what will 5 tons cost ? 

20. A gentleman left bis widow one third of his propertj, 
worth $24000, and the remainder was to be divided eqaallj 
among 5 children ; how much was the portion of each child ? 

Aru. $3200. 

21. A man purchased one lot, containing 1 60 acres of land, at 
$1.25 per acre; and another lot, containing 80 acres, at $5 per 
acre ; he sold them both at $2.50 per acre ; what did he gain 
or lose in the transaction ? 

22. A druggist bought 54 gallons of oil for $72.90, and 
lost 6 gsdions of it bj leakage. He sold the remainder at 
$1.70 per gallon ; how much did he gain? Ans. $8.70. 

23. A miller bought 122^ bushels of wheat of one man, 
and 75 J bushels of another, at $.93J per bushel. He sold 60 
bushels at a profit of $12.50 ; if he sell the remainder at 
$.81|- per bushel, what will be his entire gain or loss? 

Ans. $4.718+ loss. 

24. A laborer receives $1.40 per daj, and spends $.75 for 
his support ; how much does he save in a week ? 

25. How many pounds of butter, at $.16 per pound, mast 
be given for 39 yards of sheeting, at $.08 a yard ? 

Afis, 19^ pounds. 

26. What cost 23487 feet of hemlock boards, at $4.50 per 
1000 feet? Ans. $105.6915. 

27. A man has an income of $1200 a year ; how much 
must he spend per day to use it all ? 

28. Bouglit 28 firkins of butter, each containing 56 pounds, 
at $.17 per pound ; what was the whole cost ? 

29. A merchant bought 16 bales of cotton 'cloth, each bale 
containing 13 pieces, and each piece 26 yards, at $.07 per 
jrard ; what did the whole cost ? Ans. $378.56. 

30. What cost 4868 bricks, at $4.75 per M? 

31. A farmer sold 27 bushels of potatoes, at $.33^ per 
bushel ; 28 bushels of oats, at $.25 per bushel ; and 19 bush- 
els of com, at $.50 per bushel ; what did he receive for the 
whole? Ans. $25.50. 
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32. John runs 32 rods in a minute, and Henry pursues 
him at the rate of 44 rods in a minute; how long will it take 
Henry to overtake John, if John have 8 minutes the start ? 

Ans. 21^ minutiis. 

33. If 4J barrels of flour cost $32.3, what will 7} barrels 
cost? Ans. $51. 

34. If .875 of a ton of coal cost $5,635, what will 9^ tons 
cost? A918. $59.57. 

35. For the first three years of business, a trader gained 
$1200.25 a year; for the next three, he gained $1800.62 a 
year, and for the next two he lost $950.87 a year ; supposing 
his capital at the beginning of trade to have been $5000, what 
was he worth at the end of the eighth year ? Ans. $12100.87. 

36. What will be the cost of 18640 feet of timber, at $4.50 
per 100 ? . Am. $838.80. 

37. Reduce oT to a decimal fraction* Ans. .78125. 

38. What will 1375 pounds of potash cost, at $96.40 per 
ton? Ans. $66,275. 

39. Reduce .5625 to a common fraction. Ans. ■^. 

40. Reduce i^, .62^, .37^, f, to decimals, and find their 
Bum. Ans. 1.464375. 

41. A man's account at a store stands thus : 

Dr. Cr. 

$4,745 $2.76^ 

2.62J 1.245 

1.27 .62^ 

.45 3.45 

5.28J 1.87^ 

What is due the merchant? Ans. $4.41^. 

42. A gardener sold, from his garden, 120 bunches of on- 
ions at $.12^ a bunch, 18 bushels of potatoes at $.62^ per 
bushel, 47 heads of cabbage at $.07 a head, 6 dozen cucum- 
bers at $.18 a dozen; he expended $1.50 in spading, $1.27 
for fertilizers, $1.87 for seeds, $2.30 in planting and hoeing; 
what were the profits of his garden ? Ans. $23.68. 
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REDUCTION. 

1 73m A CoxEpotUld Number is a concrete number whose 
value is expressed in two or more diflforent denominations. 

176. Reduction is the process of changing a number from 
one denomination to another without altering its value. 

Reduction is of two kinds, Descending and Ascending. 

1 T 7 • Reductiou Descending is changing a number of one 
denomination to another denomination of less unit value ; thus, 
$1 = 10 dimes = 100 cents = 1000 mills. 

178* Beduction Ascending is changing a number of one 
denomination to another denomination of greater unit value ; 
thus, 1000 mills = 100 cents = 10 dimes = $1. 

179. A Scale is a series of numbers, descending or as- 
cending, used in operations upon compound numbers. 

CURRENCY. 

180. I. United States Money. 

TABLE. 

10 mills (m.) make 1 cent, ct. 

10 cents " 1 dime, •. d. 

10 dimes " 1 dollar, $. 

10 dollars " 1 eagle, E. 

UNIT EQUrVALBNTS. 

ct m. 

d. 1 = 10 

) 1 = 10 = 100 

E. 1 = 10 = 100 = 1000 

1 = 10 = 100 = 1000 = 10000 

Scale — uniformly 10. 

Canada Monef. 
The currency of Canada is decimal, and the table and denom- 
inations are the same as those of the United States money. 

Note. The decimal currency was adopted by the Canadian Parliament 
In 1858, and the Act took effect in 1859. Previously the money of Can- 
ada was reclsoned in pounds, shillings, and pence, the same as in England. 

Coins. The silver coins are the shilling, or 20-cent piece, 

the dime, and half dime. The copper coin is the cent. 

Note. The 20-cent piece represents the value of the shilling of the 
aid Canada Currency. 
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II. English Money. 
181. English Gurrenoy is the currency of Great Britain. 



4 farthings (far. or qr.) make 1 penny, d. 

l2 pence " 1 shilling, p. 

^0 shillings " 1 pound or sovereign,. . .£, or sov. 

UNIT EQUIVALENTS. 

d. Ikr. 

1= 4 

jCorsov. 1 = 12 = 48 

1 = 20 = 240 = 960 

Scale ascending, 4, 12, 20 ; descending, 20, 12, 4. 

Note. 1. Farthings are generally expressed as fractions of a penny; 
thus, 1 &r., sometimes called 1 quarter, (qr.),— Jd; 3 far. — Jd. 

2. The gold coins are the sovereign ( — £1), and the half sovereign, 
(-10s.) 

3. The silver coins are the crown (— 5s.), the half-crown (— 2s. 6d.)^ 
. the shilling, and the six-penny piece. 

4. The copper coins are the penny, halfpenny, and &rthing. 

5. The gomea (—21s.) and the half-guinea (— lOs. 6d. sterling), are 
old gold coins, that are still in circulation, hut are no longer coined. 

6. In France accounts are kept in francs and decimes. A franc ia 
equal to 18.6 cents U. S. money. 

CASE I. 

183* To perform reduction descending. 
1. Reduce 2l£ 18 s. 10 d. 2 far. to farthings. 

OPERATION Analysis. Since ui £l there 

21£ 18s. lOd. 2fan are 20 s. in 21 £ ^er« are 20 s. x 

oQ 21 = 420 s., and 18 s. m the given 

— -- number added, makes 438 s. in 21 £ 

^^^ ® 18 s. Since in 1 s. there are 12 d., 

_ in 438 8. there are 12 d. x 438 = 



^266 d. 5256 d., and 10 d. in the given 

^ number added, makes 5266 d. in 



21066 far. Ans. 21£ 18 s. 10 d. Since in 1 d. there 

are 4 far., in 5266 d. there are 4 far. 
X 5266 c=: 21064 far., and 2 far. in the given number added^ inakfi& 
21066 &r. in the given number. Hence. 
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Hulk. I. Multiply the highest denomination of the given 
number by that number of the scale which loill reduce it to the 
next lower denomination^ and add to the product the given 
number, if any, of that lower denomination, 

II. Proceed in the same manner with the results obtained in 
each lower denomination, until the reduction is brought to the 
denomination required, 

CABS n. 

183. To perform reduction ascending. 

I. Reduce 21066 farthings to pounds. 

OPERATION. Analysis. "We first divide 

4 ) 21066 far. *^® 21066 far. by 4, because 

there are J as many pence as 

12)5266d.+ 2 far. Ikrthings, and we find that 

210 ) 43|8 8. + 10 d. 21066 far. = 5266 d. + a re- 

^ £4-18 a. mainder of 2 far. We next 

J ^ divide 5266 d. by 12, because 

Ans. 21 £ 18 8. 10 d. 2 fer. ^^^^ ^re J^ as many shillings 

as pence, and we find that 5266 d. = 438 s. + 10 d. Lastly we 
divide the 438 s. by 20, because there are gV *3 many pounds as 
shillings, and we find that 438 s. =2l£ + 18s. The last quotient 
with the several remainders annexed in the order of the succeeding 
denominations, gives the answer 21 £ 18 s. 10 d. 2 far. Hence, 

Rule. I. Divide the given number by that number of the 
scale which will reduce it to the next higher denomination. 

II. Divide the quotient by the next higher number in the 

scale ; and so proceed to the highest denomination required. 

The last quotient, with the several remainders annexed in a 

reversed order, will be the answer. 

Note. Reduction descending and reduction ascending mutually 
prove each other. 

EXAMPLES FOR PRACTICE. 

1. In 14194 farthings how many pounds? 

2. In 14 £ 15 s. 8 d. 2 far. how many farthings f 

3. In 15359 farthings how many pounds! 

4. In 46 sov. 12 s. 2d. how many pence I 
6. In 11186 pence how many sovereigns! 
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AVEIGHTS. 

184. Weight is a measure of the quantity of matter a 
body contains, determined according lo some fixed standard. 
Three scales of weight are used in the United States 
and Great Britain, namely, Troy, Apothecaries', and Avoir- 
dupois. 

I. Troy Weight. 

185* Troy Weight is used in weighing gold, silver, and 
jewels ; in philosophical experiments, &c. 

T4BLE. 

24 grains (gr.) make 1 pennyweight,, .pwt or dwt. 

20 pennyweights " 1 ounce, oz. 

12 ounces ** 1 pound, lb. 

UNIT EQUIVALENTS. 

pwt. jrr. 

1 = 24 
lb. 1 z= 20 = 480 

1 = 12 = 240 z= 5760 
Scale — ascending, 24, 20, 12; descending, 12, 20, 24. 

EXAMPLES FOR PRACTICE. 



1. How many grains in 14 lb. 
10 oz. 18 pwt. 22 gr.? 

OPERATION. 

141b. 10 OZ. 18 pwt. 22 gr. 
12 



178 oz. 
20 



3578 pwt. 
24 



14334 
7156 



2. How many pounds in 
85894 grains ? 

OPERATION. 

24 ) 85894 gr. 
20 ) 3578 pwt. + 22 gr. 
12)178oz. + 18pwt. 
141b. + 10 oz. 

Ans- 141b. 10 oz. 18 pwt. 
22 gr. 



SoSdA gr., Ans. 

3. In 5 lb. 7 oz. 12 pwt. 9 gr., how many grains ? 

4. In 32457 grains how many pounds? 



Define weight. Troy weight. Repeat the table. 

• 7* 



Give the scale. 



\ 



L64 
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5. Reduce 41760 grains to pounds. Ans. 7 lb. 3 oz. 

6. A miner had 141b. 10 oz. 18 pwt. of gold dust; how 
much was it worth at $.75 a pwt. ? Ans. $2083.50. 

7. How many spoons, each weighing 2 oz. 15 pwt., can be 
made from 5 lb. 6 oz. of silver ? Ans. 24. 

8. A goldsmith manufactured 1 lb. 1 pwt. 1 6 grs. of gold into 
rings, each weighing 4 pwt. 20 gr. ; he sold the rings for $1.25 
apiece ; how much did he receive for them ? Ans. $62.50. 

II. Apothecaries' Weight. 
186. Apothecaries' Weight is used by apothecaries and 
physicians in compounding medicines; but medicines are 
bought and sold by avoirdupois weight. 

TABLE. 

20 grains (gr.) make 1 scruple, so, or 9. 

3 scruples •* 1 dram, dr. or 3- 

8 drams " 1 ounce, oz. or 5. 

12 ounces " 1 pound, lb. or fc. 

UNIT EQUIVALENTS. 

BC gr. 

dr. 1 = 20 

o,. 1 = 3 = 60 

lb. 1 = 8 = 24 = 480 
1 z= 12 = 96 = 288 = 5760 
Scale — ascending, 20, 3, 8, 12 ; descending, 12, 8, 3, 20. 
EXAMPLES FOR PRACTICE. 

1. How many gr. in 12 lb 
8S33 19 15 gr.? 

OPERATION. 

12 lb 8g 3 3 19 15gr. 
12 

"l52S 
8 



1219 3 



3658 9 
20^ 

73175 gr., Ans. 



2. How many lb in 73175 
gr.? 

OPERATION. 

2|0 ) 7317|5 gr. 
3) 3658 9 + 15 gr. 
8)1219 3 + 19 
12) 152 g + 3 3 
* 12lb + 8S 

Ans. 12tb85 3 3 19 15 gr. 



J>e&2e apothecaries' weight. Eepeat the table. QWe the scale. 
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8. In 16 lb. 11 oz. 7 dr. 2 sc 19 gr., how many grains? 

4. Reduce 47 !b 6 S 4 5 to scruples. Ans. 18692 sc 

5. How many pounds of medicine would a physician use in 
one year, or 365 days, if he averaged daily 5 prescriptions 
of 20 grains each? Ans. 6 tb. 4 § 1 3. 

m. Avoirdupois Weight. 
187. Avoirdupois Weight is used for all the ordinary pur- 
poses of weighing. 

TABLE. 

16 drams (dr.) make 1 ounce, oz. 

16 ounces ** 1 pound, lb. 

100 lb. << 1 hundred weight, . cwt 
20 cwt, or 2000 lbs., " 1 ton, T. 

UNIT BQUnrALENTS. 

oz. dr. 

lb. 1 = 16 

cwt. 1 = 16 = 256 

T. 1 = 100 = 1600 = 25600 

1 =iz 20 = 2000 = 32000 = 512000 

Scale — ascending, 16, 16, 100, 20 ; descending, 20, 100, 16, 16. 

Note. The hng or ffross ton, hundred weight, and quarter were 
fohnerly in common use ; but ihej are now seldom used except in 
estimating English goods at the U. S. custom-houses, and in freighting 
and wholesaling coal from the Pennsylvania mines. 

LONG TON TABLE. 

28 lb. make 1 quarter, marked qr. 

4 qr. = 112 lb. " 1 hundred weight, " cwt. 

20 cwt. = 2240 lb. " 1 ton, " T. 

Scale — ascending, 28, 4, 20; descending, 20, 4, 28. 

The following denominations are also in use. 

56 pounds make 1 firkin of butter. 
100 " « 1 quintal of dried salt fish. 

100 «« « 1 cask of raisins. 

196 « « 1 barrel of flour. 

200 " « 1 " " beef, pork, or fish. 

280 « " 1 " « salt at the N. Y. State salt works. 

56 " " 1 bushel" " " *« " " " 

32 " « 1 « " oats. 

48 « « 1 « " barley. 

56 " « 1 " " com or rye. 

60 " "1 " " wheat. 

Define ayoirdupois weight. Repeat the table. Give the scale. T\ea 
long ton table. What o&er denominatloxLS are \ii\xai^\ ''^^>caX\&*^ea 
value of each? 
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EXAMPLES FOa PRACTICE. 



1. In 25 T. 15 cwt. 70 lb. 
how many pounds ? 

OPERATION. 

25 T. 15 cwt. 701b. 
20 

615 cwt. 

100 



2. In 51570 pounds how 
many tons? 

OPERATION. 

100 ) 51570 lb. 

2,0)5115 cwt. + 70 lb. 
25T. + 15cwt. 

Ans. 25 T. 15 cwt. 70 lb. 
515701b., Ans. 

8. Reduce 3 T. 14 cwt. 74 lb. 12 oz. 15.dr. to drams. 

4. Reduce 1913551 drams to tons. 

5. A tobacconist bought 3 T. 15 cwt. 20 lb. of tobacco, at 
22 cents a pound; how much did it cost him ? Ans. $1654.40. 

6. How much will 115 pounds of hay cost, at $10 per ton ? 

7. A grocer bought 10 barrels of sugar, each weighing 

2 cwt 171b., at 6 cents a pound; 5 barrels, each weighing 

3 cwt 6 lb., at 7^ cents a pound ; he sold the whole at an 
average price of 8 cents a pound ; how much was his whole 
gain ? Afis, $51.05. 

8. Paid $360 for 2 tons of cheese, and retailed it for 12^ 
cents a pound ; how much was my whole gain ? Ans. $1 40. 

9. If a person buy 10 T. 6 cwt 3 qr. 14 lb. of English iron, 
by the long ton weight, at 6 cents a pound, and sell the same 
at $130 per short ton, how much will he gain ? Ans. $1 15.85. 

10. A farmer sold 2 loads of corn, weighing 2352 lbs. each, 
at $.90 per bu. ; what did he receive ? Ans. $75.60. 

1 1. How many pounds in 300 barrels of flour ? 

12. A grocer bought 3 barrels of salt at $1.25 per barrel, 
Und retailed it at j^ of a cent per pound ? what did he gain ? 

Ans. $2.55. 

STANDARD OP WEIGHT. 

188. In the year 1834 the U. S. goverament adopted a 

uniform standard of weights and measures, for the use of the 

custom houses, and the otherbranches of business connected with 

the general government Most of the States which have adopts 

ed anf standardB have taken those of \\\e w^weY^X ^N^rrvment 
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189* Tlie United States standard unit of weight is the 
Troy pound of the mint, which is the same as the imperial 
standard pound of Great Britain, and is determined as fol- 
lows : A cubic inch of distilled water in a vacuum, weighed 
by brass weights, also in a vacuum, at a temperature of 62'' 
Fahrenheit's thermometer, is equal to 252.458 grains, of which 
the standard Troy pound contains 5760. 

190. The U..S. Avoirdupois pound is determined from 
the standard Troy pound, and contains 7000 Troy grains. 
Hence, the Troy pound is ^J^^ = iH ^^ *" avoirdupois 
pound. But the Troy ounce contains ^\^ = 480 grains, and 
the avoirdupois ounce ^^ := 437.5 grains ; and an ounce Troy 
is 480 — 437.5 = 42.5 grains greater than an ounce avoirdu- 
pois. The pound, ounce, and grain, Apothecaries' weight, 
are the same as the like denominations in Troy weight, the only 
difference in the two tables being in the divisions of the ounce. 

191* COMPARATIVE TABLE OF WEIGHTS. 

Troy. Apothecaries'. ATolrdtipoIs. 

1 pound = 5760 grains, = 5760 grains, = 7000 grains. 
1 ounce =480 " = 480 " =437.5 « 

175 pounds, = 175 pounds, = 144 pounds. 

EXAMPLES FOR PRACTICE. 

1. An apothecary bought 5 lb. 10 oz. of rhubarb, by 
avoirdupois weight, at 50 cents an ounce, and retailed it at 
12 cents a dram apothecaries' weight ; how much did he gain? 

Ans, $33.75. 

2. Change 424 drams apothecaries' weight to Troy weight. 

Ans. 4 lb. 5 oz. 

3. Change 20 lb. 8 oz. 12 pwt. Troy weight to avoirdu- 
pois weight. Ans. 17^V5 ^' 

4. Bought by avoirdupois weight 20 lb. of opium, at 40 
cents an ounce, and sold the same by Troy weight at 50 cents 
an ounce; how much was gained or lost? Ans, $17.83^.. 

"VMiat is the TJ. S. standard of weight ? How obtained ? How is 
the avoirdupois pound determined ? How is the apothecaries' pound 
determined ? What are the values of the denomuaBXioPs^ q»1 'X.^^^ ^'«N^^s.• 
dupois, and apothecaries' weight) 
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MEASURES OF EXTENSION. 

193. Extension has three dimensions — length, breadth, 
and thickness. 

A Line has only one dimension — length. 

A Snr&ce or Area has two dimensions — length and breadth. 

A Solid or Body has three dimensions — length, breadth, and 
thickness. 

I. LoxG Measure. 

193. Long Measnie, also called Linear Measure, is used 
in measuring lines or distances. 

TABLE. 

12 inches (in.) make 1 foot, ft. 

3 feet " 1 yard, yd. 

5J yd., or 16J ft., " 1 rod rd. 

40 rods •* 1 furlong, .... fur. 

8 furlongs, or 320 rd., ^ 1 statute mile,. .mL 

UNIT EQUIYALENTS. 

ft. in. 

yd. 1 = 12 

r± 1 z= 3 = 36 

tnr. 1 = 5i = 16J = 198 

„t 1 = 40 = 220 = 660 = 792a 
1 = 8 = 320 = 1760 = 5280 = 63360 
Scale — ascending, 12, 3, 5^, 40, 8; descending, 8,40, o^, 3, 12. 

The following denominations are also in use : — 

3 barleycorn. «ake 1 inch. | ^eS^ttef ^t" '""^'* 

4 inches « 1 hand, j ?^ in mewuring the height of 

^ } horses directly over the fore feet. 
6 feet ** 1 fathom, used in measuring depths at sea. 

1.1521 «Utute n.. « 1 geographic mUe. \ ^^^^ttT"^ "^ 

3 geographic « « i league. 

60 " " «* > - ^ptrroo 5 °^ latitude on a meridian or of 

69.16 statute « « J ^ aegree ^ lo^gj^^je ^^ ^.^g equator. 

360 degrees ** the circumference of the earth. 

How many dimensions has extension ? Define a line. Sur&ce or 
area. A solid or body. Define long measure. What are the denom- 
hjations ? The yalue of each. What other denominations are used } 
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Notes. 1 . For the purpose of measuring cloth and other goods sold 
by the yard, the yard is divided into halves, fourths, eighths, and six- 
teenths. The old table of cloth measure is practically obsolete. 

2. The geographic mile is^ of ^^-^ or -jx^inr °^ ^® distance roxmd 
the center of the earth. It is a small fraction more than 1.15 statute 
miles. V 

3. The length of a degree of latitude varies, being 68.72 miles at the 
cquatoi, 68.9 to 69.05 miles in middle latitudes, and 69.30 to 69.34 miles 
in the polar regions. The mean or average length is as stated in the 
table. A degree of longitude is greatest at the equator, where it is 
69.16 miles, and it gradually decreases toward the poles, where it is 0. 



EXAMPLES FOB PRACTICE. 



1. In 2 mi. 4 fur. 32 rd. 
2 yd. how many inches ? 

OPERATION. 

2 mi. 4 fur. 32rd. 2 yd. 
. 8 

20 fur. 
40 



832 rd. 



416 
4162 

4578 yd. 
3 



13734ft. 
12 



2. In 164808 inches how 
many miles ? 

OPERATION. 

1 2) 164808 in. 
3 ) 13734 ft, 

5^)4578 yd. 

2"'] 2 

11)9156 



4|0J83|2 rd. -j-f.yd.= 2yd. 
8)20fur.+32rd. 
2 mi. -|- 4 fur. 
Am. 2im.4ftir.32rd.2yd. 



164808 in., ^w«. 

3. The diameter of the earth being 7912 miles, how many 
inches is it ? Ans. 501304320 inches. 

4. In 168474 feet how many miles ? 

5. In 81 mi. 7 fur. 10 rd. 3 yd., how many feet ? 

6. If the greatest depth of the Atlantic telegraphic cable 
from Newfoundland to Ireland be 2500 fathoms, how many 
miles is it? Ans, 2 mi. 6 fur. 29 rd. 1^ ft. 



160 REDUCTION. 

7. If this cable be 2200 miles in length, and cost 10 cents 
a foot, what was its whole cost? Ans. $1161600. 

8. A pond of water measures 4 fathoms 3 feet 8 inches in 
depth ; how many inches deep is it ? Ans, 332. 

9. How many times will the driving wheels of a locomo- 
tive turn round in going from Albany to Boston, a distance of 
200 miles, supposing the wheels to be 18 ft. 4 inches in cir- 
cumference? Ans. 57600 times. 

10. If a vessel sail 120 leagues in a day, how many stat- 
ute miles does she sail ? Ans. 414. 

11. How many inches high is a horse that measures 14^ 
hands? Ans, 58. 

surveyors' long measure. 

194* A Giuiter*8 Chain, used by land surveyors, is 4 rodg 
or 66 feet long, and consists of 100 links. 

TABLE. 

7.92 inches (in.) make 1 link, ....L 
25 links " 1 rod, rd. 

4 rods, or 66 feet, " 1 chain . .ch. 
80 chains " 1 mile, . . wL 

UNIT EQUIVALENTS. 

1. In. 

rt. 1 = 7.92 

^^ 1 = 25 = 198 

ml. 1= 4= 100= 792 

1 = 80 = 320 = 8000 = 63360 

Scale— ascending, 7.92, 25, 4, 80 ; descending, 80, 4, 25, 7.92. 

Note. Rods are seldom used in chain measure, distances being 
taken in chains and links. 

EXAMPLES FOR PRACTICE. 

1. In 3 mi. 51 ch. 73 1. how many links? 

2. Reduce 29173 1. to miles. 

3. A certain field, enclosed by a board fence, is 17 ch. 81 1 
long, and 12 ch. 87 1. wide ; how many feet long is the fencti 
which encloses it? Am. 3983.76 ft. 

Repeat the table of surreyors' long measure. Give tke scale. 
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XL Square Measure. 

19S, A Square is a figure having four equal sides, and 
four equal angles or corners. 

1 square foot is a figure having four 
sides of 1 ft. or 12 in. each, as shown 
in the diagram. Its contents are 12 
X 12 =: 144 square inches. Hence * 

The contents or area of a sqitare, o> 
of any other figure hairing a uniform 
length and a uniform breadth, is found 
by mvdtiplying the length by the breadth. 
Thus, a square foot is 12 in. long and 12 in. wide, and the con- 
tents are 12 X 12 = 144 square inches. A board 20 in. long 
and 10 in. wide, is a rectangle, containing 20 X 10 = 200 
square inches. 

196 • Square Measure is used in computing areas or sur- 
faces ; as of land, boards, painting, plastering, paving, &c. 

TABLE. 

144 square inches (sq. in.) make 1 square foot, marked sq. ft. 
9 square feet " 1 square yard, " sq. yd. 



12 In. =s 1 ft. 



\f square feet 

30} square yards 

40 square rods 

4 roods 
640 acres 



I square yard, 

1 square rod, 

1 rood, 

1 acre, 

1 square mile. 



sq. yd. 

sq. rd. 

" R. 

A. 

" sq. mL 



UNIT EariVALENTS 



•q.ml. 



A. 

1 = 



R. 

1 = 

4z= 



■q.rd. 
1 = 

40 = 
160 = 



pq. yd. 

1 = 

30^^ = 
1210 = 
4840 = 



fq. ft. 
1 = 

9 = 

?72^.= 
10890 = 
4-V^fiO = 



80. fn. 

144 

1296 

39204 

15681 GO 

0272640 



1 = 640 = 2560 = 102400 = 3097600 = 2787S400 = 4014489600 
Scale— ascending, 144, 9, 30J, 40, 4, 640 ; descending, 640, 4, 
40, 30J, 9, 144. 



Define a square. How is the area of a square or any rectangular 
figure found ? For what is square measure used ? Repeat the table. 
Give the scale. 
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Artificers estimate their work as follows : 

By the square foot : glazing and stone-cutdng. 

By the square yard: painting, plastering, paving, ceiling, and 
paper-hanging. 

By the square of 100 feet : flooring, partitioning, roofing, slating, 
and tiling. 

Brick-Laiying is estimated by the thousand bricks; also by the 
square yard, and the square of 100 feet. 

Notes. 1. In estimating the painting of moldings, cornices, &c., the 
measuring-line is carried into aU the moldings and cornices. 

2. In estimating brick-laying by the square yard or the square of 
100 feet, the work is understood to be 1^ bricks, or 12 inches, thick. 

EXAMPLES FOB PRACTICE. 

1. In 10 A. 1 B. 25 sq. id. 16 sq. jd. 4 sq. ft 136 sq. in. 
how manj square inches ? 

OPERATION. 

10 A. IK. 25 sq. rd. IGsq.yd. 48q. ft. 136 sq. in. 

41 R 
40 



1665 8q.rd. 
30^ 



416J 
49966 

50382^ sq. yd. 
9 



453444^ sq.ft. 
144 



' 1813912 with 136 sq.in. 
1813776 
453444 

65296108 sq. in.. Arts. 
2. In 65296108 sq. in. how many acres ? 

How do artisans estimate work ) 
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OPERATION. 
144 ) 65296108 sq. in. 

9 ) 453445 sq. ft. -f 28 sq. in. 

30J 1 50382 sq. yd. -f 7 sq. ft. 
4 J 4 



121 )_201528 fourths sq. yd. 

4 10 ) 166|5 sq. rd.+^zzi 15| sq. yd. 

4)41R.-|-25 8q.rd. 

lOA.-flR. 
10 A. 1 R. ''5 sq. rd. 15| sq. yd. 7 sq. ft. 28 sq. in. 
10 A. 1 R. 25 sq. rd. 15 sq. yd. 7 sq. ft. 28 sq. in. 

6 sq. ft. 108 sq. in. 

10 A. 1 R. 25 30. rd. IG sq. yd. i sq. ft. 136 sq. in. 

Analysis. Dividing by the numbers in the ascending scale, and 
arranging the remainders according to their order in a line below, 
y^ts find the square yards a mixed number, 15|. But f of a sq. yd. 
z:^ I of 9 sq. ft. =z 6| sq. ft. ; and f of a sq. ft. =: | of 144 sq. in. = 
lod sq. in. Therefore f sq. yd. = 6 sq. ft. 108 sq. in. ; and adding 
lu8 sq.in. to 28 sq. in. we have 136 sq. in., and 6 sq. ft. to 7 sq.ft. we 
have 13 sq. ft. == 1 sq. yd. 4 sq. ft., and writing the 4 sq. ft. in the 
result, and addmg 1 sq. yd. to 15 sq. yd. we have for the reduced 
result, 10 A. 1 R. 25 sq. rd. 16 sq. yd. 4 sq. ft. 136 sq. in. 

3. Reduce 87 A. 2 R. 38 sq. rd. 7 sq. yd. 1 sq. ft. 100 sq. 
in. to square inches. -4ns. 550355068 sq. in. 

4. Reduce 550355068 square inches to acres. 

5. A field 100 rods long and 30 rods wide contains how 
many acres ? ^^' 18 A. 3 R. 

6. How many rods of fence will enclose a farm a mile 
square ? ^^^* 12^0 rods. 

7. How much additional fence will divide it into four equal 
square fields ? ^w«. 640 rods. 

8. How many acres of land in Boston, at $1 a square foot, 
will $100000 purchase? 

Ans. 2 A. 1 R. 7 sq. rd. 9 sq. yd. 3^ sq. ft. 

9. How many yards of carpeting, 1 yd. wide, will be required 
to carpet a room 18^ ft. long and 16ft. wlda ? Au&, ^'^\ ^^* 
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10. What would be the cost of plastering a room 18 fu long, 
IGJ i\. wide, and 9 ft. high, at 22 cts. a sq. yd. ? Am. $22.44. 

11. What will be the expense of slating a roof 40 feet 
long and each of the two sides 20 feet wide, at $10 per 
square? Ans. $100. 

surveyors' square measure. 

197« This measure is used hj surveyors in computing tha 
area or contents of land. 

table. 

625 square links (sq. 1.) make 1 pole, P. 

16 poles " 1 square chain,, .sq. ch. 

10 square chains " lacre, A. 

640 acres " 1 square mile,. ..sq. mi. 
36 square miles (6 miles square)* " 1 township,. Tp. 

UNIT EQUIVALENTS. 

P. tq, 1. 

sq. ch. 1 = 625 

A. 1= 16= 10000 

«l.mJ. 1= 10= 160= 100000 

Tp. 1 = 640 = 6400 = 102400 = 64000000 

1 = 36 = 23040 = 230400 = 3686400 = 2304000000 

Scale — ascending, 625, 16, 10, 640, 36; descending, 36, 640, 

10, 16, 625. 

Notes. 1. A sqiiare mile of land is also called a section. 

2. Canal and railroad engineers commonly use an engineers* chain, 
which consists of 100 links, each 1 foot long. 

3. The contents of land are commonly estimated in square miles, 
acres, and hundredths ; the denomination, rood^ is fast going into dis- 
use. 

EXAMPLES FOR PRACTICE. 

1. How many poles in a township of land ? 

2. Reduce 3686400 P. to sq. mi. 

3. In 94 A. 7 sq. ch. 12 P. 118 sq. 1. how many square 
links ? 

4. What will be the cost of a farm containing 4550000 
square links, at $50 per acre ? Ans. $2275. 

Repeat the table of surveyors* square measure. Give the scale. 








m. Cubic Measure. /f-'^'^ 

oody, 

L^s, or 

faces. If each side of a cube be 1 



'^..^.^^4^ ^^..ol 198. A Cube is a solid, 6r oody, 

<^ . i having six equal square sides, or 

■I ! ■ ■ \ 



'^\' i^M 



.--.I 



) 31t.— Ijd. 



\ yard, or 3 fcef, 1 foot in thickness 
j of this cube will contain 3X3X1 

^j / ! ^,» 1 1 . ^^ = 9 cubic feet,and the whole cube will 

\^ contain 3 X 3 X 3 = 27 cubic feet. 
A solid, or bod}'-, may have the 
three dimensions all alike or all different. A body 4 ft. long, 
3 ft. wide, and 2 ft. thick contains 4 X 3 X 2 = 24 cubic or 
solid feet. Hence we see that 

Hie cubic or solid contents of a body are found by muUi'phj- 
ing the lengthy breadth^ and thickness together. 

199* Cubic Jffeasure, also called Solid Measure, is used 
in estimating the contents of solids, or bodies; as timber, wood, 
stone, &c. 

TABLE. ^ 

1728 cubic inches (cu. in.) make 1 cubic foot, cu. ft. 

27 cubic feet " 1 cubic yard cu. yd. 

16 cubic feet " 1 cord foot, cd. ft, 

12?cSc1feeVl " 1-dofwood Cd. 

241 cubic feet " 1 J ^"11^ 1 ^^^ 

Scale — ascending, 1728, 27. The other numbers are not in a 
regular scale, but are merely so many times 1 foot The unit 
equivalents, being fractional, are consequently omitted. 

Notes. 1. A eubic yard of earth is called a load. 

2. Bailroad and transportation companies estimate lip^ht freight by 
the space it occupies in cubic feet, and heavy freight by weight. 

3. A pile of wood 8 feet long, 4 feet wide, and 4 feet high, contains 
1 cord ; and a cord foot is 1 foot in length of such a pile. 

4. A perch of stone or of masonry, is 16i feet long, 1^ feet wide, and 
1 foot high. 

Define a cubo. How are the contents of a cube or rectano^ular 
solid found? For what is cubic measure used? Repeat the table. 
Give the scale. How is railroad freight estimated ? What is imder- 
tftood b>' a cord foot ? By a peroli eif stoiM ot iASk&s^T^\ 
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5. Joiners, bricklayers, and masons make no allowance for windoT\ s, 
doors, &c. Bricklayers and masons, in estimating their work by 
cubic measure, make no allowance for the comers of the walls of 
houses, cellars, &c., but estimate their work by the girt, that i^, tlie 
entire length of the wall on the outside. 

6. Engineers, in making estimates for excavations and embankments, 
take the dimensions with a line or measure divided into feet and deci- 
mals of a foot. The estimates are made in feet and decimals, and the 
results are reduced to cubic yards. 

EXAMPLES FOB PRACTICE. 

i 1. In 125 cu. ft. 840 cu. in. how many cu. in. ? Am. 21 6840. 

2. Reduce 5224 cubic feet to cords. Ans. 40 |f. 

3. In a solid, 3 ft. 2 in. long, 2 ft. 2 in. wide, and 1 ft. 8 in. 
thick, how many cubic inches? Arts, 19760. 

4. How many small cubes, 1 inch on each edge, can be 
sawed from a cube 6 feet on each edge, allowing no waste for 
sawing? Am. 373248. 

5. In a pile of wood 60 feet long, 20 feet wide, and 15 feet 
high, how many cords ? An$. 140|. 

6. How many cubic feet in a load of wood 10 feet long, 3^ 
feet wide, and 3^ feet high ? Am. 113| cu. ft. 

7. If a load of wood be 12 feet long and 3 feet wide, how 
high must it be to make a cord ? Am. 3^ ft. high. 

8. The gray limestone of Central New York weighs 175 
pounds a cubic foot. What is the weight of one solid yard ? 

. Am. 2 T. 7 cwt. 25 lb. 

9. A cellar wall, 32 ft. by 24 ft., is 6 ft. high and 1 J ft. thick. 
How much did it cost at $1.25 a perch? Am. $50,909+ 

10. How much did it cost to dig the same cellar, at 15 
cents a cubic yard ? -^w** $25.60. 

1 1. My sleeping room is 10 ft. long, 9 ft. wide, and 8 ft. high. 
If I breathe 10 cu. ft. of air in one minute, in how long a time will 
I breathe as much air as the room contains ? Ans. 72 min. 

12. In a school room 30 ft. long, 20 ft. wide, and 10 ft. high, 
with 50 persons breathing each 10 cu. ft. of air in one minute, 
in how long a time will they breathe as much as the room 
contains? Am. 12 min. 

: Hr 

How ore jexcavations axxd embankments measured \ 
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MEASURES OF CAPACITY. 

I. Liquid Measure. 

900. liqiiid Heasnre, also called Wine Measure, is a«»ed 
in measuring liquids ; as liquors, molasses, water, &c 

TABLE. 

4 gills (gi.) make 1 pint, pt 

2 pints " 1 quart, qt. 

4 quarts " 1 gallon, gal. 

314 gallons " 1 barrel, bbL 

2 barrels, or 63 gaL " 1 hogshead,, .hhd. 

UNIT EQUIVALENTS. 

pt. gi. 

qt. 1=4 

gaL 1=2= 8 

bbi. 1 = 4 = 8 = 32 

bhd. 1 = 3U = 126 = 252 = 1008 

1 = 2 = 63 = 252 = 504 = 2016 

Scale — ascending, 4, 2, 4, 31 J, 2 ; descending, 2, 31^, 4, 2, 4. 
The following denominations are also in use : 

36 gallons make 1 barrel of beer. 
64 ** or IJ barrels " 1 hogshead " " 

42 " "1 tierce. 

2 hogsheads, or 120 gallons, " 1 pipe or butt 

2 pipes or 4 hogsheads, " 1 tun. 

Notes. 1. The denorainatioiif?, barrel and hogshead, are used in es- 
timating the capacity of cisterns, reservoirs, vats, &c. 

2. The tierce, hogshead, pipe, butt, and tun are the names of casks, 
and do not express any fixed or definite measures. They are usually 
gauged, and have tlieir capacities in gallons marked on thorn. 

3. Ale or beer measure, formerly used in measuring beer, ale, and 
milk, is almost entirely discarded. 
• 

\Vhat is liquid measure ? Repeat the table. Give the scale. What 
other denominations are sometimes used ? How are the capacities of 
cisterns, reservoirs, &c., reckoned ? Of large casks } 
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REDUCTION. 



EXAMPLES FOB PRACTICE. 



1. In 2 hhd. 1 bar. 30 gal. 2 
qt. 1 pt. 3 gi. how many gills ? 

OPERATION. 

2 hhd. 1 bar. 30 gal. 2 qt. 
2 [lpt.3gi. 

"^5bbL 

ill 

^ 

185 

IST^gaL 
4 

752 qt 
2 

1505 pt. 
4 



2. In C023 gi. how man) 
hhds.? 

OPERATION. 

4 ) 6023 gi. 

2) 1505pt.+3gi. 

4 )752 qt. + 1 pt. 

31i 188 gal. 
2 .1 2 



63 )376 



[gal. 



2)_5bbl. + Vgal. = 30i 
2 hhd. -f- 1 bar. 
Ans. 2 hhd. 1 bar. 30^ gal. 
1 pt. 3 gi. 

But ^ gal. = 2 qt, making 
the Jns. 2 hhd. 1 bar. 30 gaL 
2qt Ipt 3gi. 



6023 gi., Ans. 

3. Reduce 3 hogsheads to gills. 

4. Reduce 6048 gills to hogsheads. 

5. In 13 hhd. 15 gal. 1 qt. how many pints ? 

6. In 6674 pints how many hogsheads ? 

7. What will be the cost of a hogshead of wine, at 6 cents 
a gill? Ans. $120.96. 

8. A grocer bought 10 barrels of cider, at $2 a barrel; 
after converting it into vinegar, he retailed it all at 5 cents a 
quart ; how much was his whole gain ? Ans, $43. 

9. At 6 cents a pint, how much molasses can be bought for 
$3.84? . A71S. 8 gal. 

10. How many demijohns, that will contain 2 gal. 2 qt 1 pt. 
each, can be filled from a hogshead of wine ? Aiis, 24. 

II. Dry Measure. 
90l« Dry Measure is used in measuring articles not 
liquid, as grain, fruit, salt, roots, ashes, &c. 



What fai dry hCewbotq^ 
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TABLE. 

2 pints (pt.) make 1 quart, qt. 

8 quarts " 1 peck, pL 

4 pecks " 1 bushel,. bu, or busL 

UNIT EQUIVALENTS, 
qt. pt. 

pk. 1=2 
bu. 1 = 8 z= 16 
1 = 4 = 32 = 64 

Scale — ascending, 2, 8, 4 ; descending, 4, 8, 2. 

Note. In England, 8 bu. of 70 lbs. each are called a quarter, used in 
measuring grain. The weight of the English quarter is ^ of a long ton. 

EXAMPLES FOR PRACTICE. 

1. In 49 bu. 3 pk. 7 qt. 1 pt how many pints ? 

2. In 3199 pt how many bu.shels ? 

3. Reduce 1 bu. 1 pk. 1 qt 1 pt. to pints. 

4. Reduce 83 pints to bushels. 

o. An innkeeper bought a load of 50 bushels of oats at 65 
cents a bushel, and retailed them at 25 cents a peck ; how 
much did he make on the load ? Ans, $17.50. 

STANDARD OP EXTENSION. 

30$S« The Ul S. standard unit of measures of extension^ 
whether linear, superficial, or solid, is the yard of 3 feet, or 36 
inches, and is the same as the imperial standard yard of 
Great Britain. It is determined as follows : The rod of a 
pendulum vibrating seconds of mean time, in the latitude of 
London, in a vacuum, at the level of the sea, is divided into 
391393 equal parts, and 360000 of these parts are 36 inches, 
or 1 standard yard. Hence, such a pendulum rod is 39.1393 
inches long, and the standard yard is Sf ^J^^ of the length of 
the pendulum rod. 

$S03* The U. S. standard unit of liquid measure is the old 
English wine gallon, of 231 cubic inches, which is equal to 
8.33888 pounds avoirdupois of distilled water at its uiaxinium 
density, that is, at the temperature of 39.83® Fahrenheit, the 
barometer at 80 inches. 

Repeat the table. What is a quarter ? What is the TJ. S. standard 
unit of measurement of extension ? How is it datctioaa^X ^^aabXSsk 
the X\ . S. standard unit of liquid measure > 
A^/» 8 • 
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304* Jlie U. S. standard unit of dry measure la the Brit- 
ish Winchester bushel, which is IBj- inches in diameter and 8 
inches deep, and contains 2150.42 cubic inches, equal to 
77.6274 pounds avoirdupois of distilled water, at its maximum 
density. A gallon, drj measure, contains 268.8 cubic inches. 

Note. 1. The wine and drj measiures of the same denomination 
are of different capacities. The exact and the relative size of each may 
be readily seen by the following 

itOS* COMPARATIYE TABLE OF MEASURES OF CAPACITY. 

Ca. in. in Cn. in. in Cu. in. in Co. in. in 
one gallon, one q^sart Jne pint. one gill. 

Wine measure, 231 57| 28J 7*^ 

33| ^ 



Dry measure, (^ pk.,) 268| 6T 

2. The beer gallon of 282 inches is retained in use (mly by custom 
A bushel is commoolj estimated at 21504 cubic inches* 

EXAMPLES FOH PRACTICE. 

1. A fruit dealer bought a bushel of strawberries, dry 
measure, and sold them by wine measure ; how many quarts 
did he gain ? Ans, 6^^ quarts. 

2. A grocer bought 40 quarts of milk by beer measure, and 
sold it by wine measure ; how many quarts did he gain ? 

Ans. 8f f quarts. 

3. A bushel, or 32 quarts, dry measure, contains how many 
more cubic inches than 32 quarts wine measure ? 

Ans. 302f cu. in. 
Time. 
306. Time is used in measuring periods of duration, as 
years, days, minutes, &c. 

TABLE. 

60 seconds (sec.) make 1 minute, min. 

60 minutes " 1 hour, h. 

24 hours ** 1 day, da. 

7 days " 1 week, wk. 

365 days " 1 common year,.., yr. 

366 days " 1 leap year, yr. 

12 calendar months " 1 year, yr. 

100 years " 1 century', C. 

"What is the IT. S. standard unit of dry measure ? How is it ob- 
tained? What is the relative size of the wine and the dry gallon > 
WJmt is the siz« of ^ beer pUo9 } "What is tune ? Kepeat the table. 
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UNIT EQUIVALENTS. 

min. lec. 

b. 1 = 60 

da. 1 = 60 z= 3600 

wk. 1 = 24 = 1440 =: 86400 

1 =: 7 = 168 = 10080 = 604800 

yr mo. J 365 = 8760 = 625600 =z 31536000 

1 = 12 = J 366 = 8784 = 527040 = 31622400 

Scale — ascending, 60, 60, 24, 7 ; descending, 7, 24, 60, 6a 

The calendar year is divided as follows : — 

Ko. ofmo. Season. Names. Abbreriationiu Ko. of days. 

1 Winter, J January, Jan. 31 

2 " 5 February, Feb. 28 or 29 

3 'Spring, C March, Mar. 31 

4 « < April, Apr. 30 
6 " CMay, 31 

6 Summer, CJune, Jun. 30 

7 " ^July, 31 

8 " (August, Aug. 31 

9 Autumn, C September, Sept. 30 

10 " ? October, Oct 31 

11 " (November, Nov. 30 

12 Winter, December, Dec. 31 

365 or 366 

Notes. 1. The exact length of a solar year is 365 da. 6 h. 48 min. 46 
sec. ; but for convenience it is reckoned 11 min. 14 sec. more than this, 
or 365 da. 6 h. = 365^ da. This \ day in 4 years makes one day, 
which, every fourth, bissextile, or leap year, is added to the shortest 
month, giving it 29 days. The leap years are exactly divisible by 4, 
as 1856, 1860, 1864. The number of days in each calendar month 
may be easily remembered by committing the following lines : — 

" Thirty days hath September, 
April, June, and November ; # 

All the rest have tliirty-one, 
Bare February, which alone 
Hath twenty-eight ; and one day more 
We add to it one year in four." 

' 2. In most business transactions 30 days are called 1 month. 
EXAMPLES FOR PRACTICE. 

1. Reduce 365 da. 5 h. 48 min. 46 sec. to seconds. 

2. Reduce 31556926 seconds to days. 



Give the scale. "What is the length of each of the calendar months ? 
What is the exact length of a solar year ? Explain the use of bissextile 
or leap year. What is the length of a month in buainftia txvsA^^:^Kssc&^ 
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3. In 5 wk. 1 da. 1 h. 1 inin. 1 sec. how many seconds ? 
' 4. In 3114061 seconds how many weeks? 

5. How many times does a clock pendulum, 3 ft. 3 in. long, 
beating seconds, vibrate in one day ? Ans, 86400. 

6. If a man take 1 step a yard long in a second, in how 
long a time will he walk 10 miles ? Ans. 4 h. 53 min. 20 sec. 

7. In a lunar month of 29 da. 12 h. 44 min. 3 sec. how 
many seconds? Ans, 2551443. 

8. How much time will a person gain in 40 years, by rising 
45 minutes earlier every day ? Ans. 456 da. 13 h, 30 min. 

Circular Measure. 

307. Circular Measure, or Circular Motion, is used prin- 
cipally in surveying, navigation, astronomy, and geography, 
for reckoning latitude and longitude, determining locations of 
places and vessels, and computing difference of time. 

Every circle, gi'eat or small, is divisible into the same num- 
ber of equal parts, as quarters, called quadrants, twelfths, 
called signs, 360ths, called degrees, &c. Consequently the 
parts of different circles, although having the same names, are 
of different lengths. 

TABLE. 

60 seconds (") make 1 minute,...'. 
60 minutes " 1 degree, . . . ®. 

30 degrees " 1 sign, S. 

12 signs, or 360°, " 1 circle,. . . .C, 

UNIT EQUIVALENTS. 

i= 60 

g. 1 z= 60 = 3600 

C. 1 HZ 30 z= 1800 = 108000 

1 = 12 z= 360 z= 21600 =z= 1296000 

Scale — ascending, 60, 60, 30, 12; descending, 12, 30, 60, 60. 

Notes. 1. Minutes of the earth's circmnference are called geo- 
graphic or nautical mile?. 
2. The denomination, signs, is confined exclusively to Astronomy. 

Define circular measiure. How are circles divided? Kepeat the 
table. Give the scale. What is a geographic mile? What ia a 
*i^? 
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3. Degrees are not strictly divisions of a circle, but of the space 
about a point in any plane. 

4. 90*^ make a quadrant, or right angle, and 60° a sextant, or ^ of a 
circle. 

EXAMPLES FOR PRACTICE. 

1. Reduce 10 S. 10° 10' 10" to seconds. 

2. Reduce 1116610" to signs. 

3. How many degrees in 11400 geographic or nautica) 
miles? Ans. 190°. 

4. If 1 degree of the earth's circumference is 69^ statute 
miles, how many statute miles in 11400 geographic miles, or 
190 degrees? Ans. 13148. 

5. How many minutes, or nautical miles, in the circum^ 
ference of the earth ? Ans, 21 600' or mi. 

6. A ship during 4 days' storm at sea changed her longitude 
397 geographical miles ; how many degrees and minutes did 
she change ? Ans. 6° 37'. 

208. In Counting. 

12 units or things. . . .make./. . .1 dozen. 

12 dozen ^t\fa^ ^ &^®®^- 

12 gross - '!fH!^^-'l great gross. 

20 units ^^t^^^/fc^ 1 fcore.^ 

a09. Paper. 

24 sheets make .1 quire. 

20 quires ^'"^*'^ /a 1 ream. 

2 reams ^^-^'^4^^ 1 bundle. 

5 bundles ':^^a» 1 bale. 

aio. fi^oM^ ^"^-^^''^ ''^-'- 

The terms folio, quarto, octavo, duodecimo, &c., indicate 

the number of leaves into which a sheet of paper is folded. 

A sheet folded in 2 leaves is called a folio. 

A sheet folded in 4 leaves " a quarto, or 4to. 

A sheet folded in 8 leaves " an octavo, or 8vo. 

A sheet folded in 12 leaves " a 12mo. 

A sheet folded in 16 leaves " * a IBrao. 

A sheet folded in 18 leaves " an 18mo. 

A sheet folded in 24 leaves " a 24 mo. 

A sheet folded in 32 leaves " a 32mo. 

What is a dep;ree ? Bepeat the table for coimting. For t^iokjarcMw^ 
paper. For indicating the size of books. 
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EXAMPLES FOR PRACTICE. 

1. If in Birmingbam, Engkind, 15p million Gillott pens are 
maniifactared annoallj, how many great gross will tbej make ? 

Ans. 86805 great gross 6 gross 8 dozen. 

2. In 100000 sheets of paper, how many bales ? 

Am. 20 bales- 4 bandies 6 quires 16 sheets. 

3. What is the age of a man 4 score and 10 years old ? 

4. How manj printed pages, 2 pages to each leaf, will 
there be in an octavo book, having 8 fMj printed sheets ? 

Ans. 128 pages. 

5. How large a book will ten 32ma sheets make, if everj 
page be printed? Ans. 640 pages. 

PROMISCUOUS EXAMPLES IN REDUCTION. 

1. How many suits of clothes, each containing 6 yd. 3f qr., 
can be cut from 333 yards of cloth ? Ans. 48. 

2. A man bought a gold chain, weighing 1 oz. 15 pwt., at 
seven dimes a pennyweight; what did it cost? Ans. $24.50. 

3. A physician, having 2 & 3i 55 19 10 gr. of medicine, 
dealt it out in prescriptions averaging 15 grains each ; how 
many prescriptions did it make ? Ans. 886. 

4. A man bought 1 T. 11 cwt. 12 lbs. of hay, at 1 J cents 
a pound; what did it cost? Ans. $38.90. 

5. What will be the cost of a load of oats weighing 1456 
pounds, at 37^ cents per bushel ? Ans. $17.0625. 

6. If one bushel of wheat will make 45 pounds of flour, how 
many barrels wiU 1000 bushels make ? Ans. 229 bbl. 116 lb. 

7. A load of wheat weighing 2430 pounds is worth how 
much, at $1.20 a bushel? Ans. $48.60. 

8. Paid $12.50 for a barrel of beef; how much was that 
per pound ? ^ns. 6^ cents. 

9. If a silver dollar measure one inch in diameter, how 
many dollars, laid side by side on the equator, would reach 
round the earth? Am. 1577511936. 

10. In 10 mi. 7 eh. 4 rd, 20 1., how many links ? 

Ans. 80820 linkd. 
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11. What is the value of a city lot, 25 feet wide and 100 
feet long, if every square inch is worth one cent ? Ans. $3600, 

12. How many cords of wood can be piled in a shed 50 ft. 
long, 25 ft. wide, and 10 ft. high ? Ans. ^7 Cd. 5 cd. ft. 4 cu. ft 

13. A cistern 10 feet square and 10 feet deep, will hold 
how many hogsheads of water? Atis, 118 hhd. 46|^ gal. 

14. A bin 8 feet long, 5 feet wide, and 4j feet high, will 
hold how many bushels of grain ? Ane. 144^ bu. 

15. How many seconds less in every Autumn than in 
either Spring or Summer ? Ans. 86400 sec* 

16. If a person could travel at the rate of a second of dis- 
tance in a second of time, how much time would he require to 
travel round the earth ? Ans. 15 days. 

17. How many yards of carpeting, 1 yd. wide, will be re- 
quired to carpet a room 20 fL long and 18 ft;. wide ? Ans. 40. 

18. A printer calls for 4 reams 10 quires and 10 sheets of 
paper to print a book ; how many sheets does he call for? 

Ans. 2170. 
id. How many times will a wheel, 16 ft. 6 in. in circumfer- 
ence, turn round in running 42 miles ? Ans. 13440. 

20. How many days, working 10 hours a day, will it re- 
quire for a person to count $10000, at the rate of one cent 
each second? Ans. 27 da. 7h. 46 min. 40 sec. 

21. A town, 6 miles long and 4^ miles wide, is equal to 
how many farms of 80 acres each ? Ans. 216. 

22. At $21.75 per rod, what will be the cost of grading 
10 mi. 176 rds. of road ? Ans. $73428. 



REDUCTION OF DENOMINATE FRACTIONS. 
CASE I. 

311. To reduce a denominate fraction from a 
greater to a less unit. 

1. Reduce ^ of a bushel to the fraction of a pint 
Case I U what) 
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Or, 
^$0 



OFEBATION. 

rxxAvsva:^!' tjijis. Analysis. To reduce bushels 

to pints, we must multiply by 4, 
8, and 2, the numbers in the 
1 scale. And since the given num- 

4 ber is a fraction of a bushel, we 

g indicate the process as in multi- 

rf plication of fractions, and after 

canceling, obtain ^, the Answer. 

5 4 = ^ pt., Ans. Hence, 

Rule. Multiply the fraction of the higher denomination hy 
the numbers in the scale successively, between the given and the 
required denominations. 

Note. Cancellation may be applied whereTer practicable. 

EXAMPLES FOR PRACTICE. 

2. Reduce jx^^y of a £ to the fraction of a penn j. 

3. Reduce ■^zhs'^ ^^ ^ week to the fraction of a minute. 

Ans, ^ min. 

4. What part of a gill is j^fe of a hosghead ? Ans. ^ gi. 

5. What fraction of a grain is ^^ of an ounce ? Ans. ^ gr. 

6. Reduce ijsn^isjsis of a mile to the fraction of an inch. 

^^«- ^^in. 

7. Reduce f of ^ of 2 pounds to the fraction of an ounce 
Troy. Ans, f oz. 

8. Reduce -^ of a hogshead to the fraction of a pint 

Ans. f f pt. 

9. Reduce y^^ of an acre to the fraction of a rod. 

Ans. ^ rd. 

CASE n. 

313. To reduce a denominate fraction from a less 
to a greater unit. 

1. Reduce ^ of a pint to the fraction of a bushel. 
Qhe explanation. Rule . Casft H Sa -^jV^aX^ 
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OPERATION. 



rf 1 1 1 _ 



Analysis. To reduce 
pints to bushels, we must 



Or, 



numbers of the scale. And 



80 



1 = ^ bu., Ans, 



since the given number of 
pints is a fi-action, we indi- 
cate the process, as in divis- 
ion of fractions, and cancel- 
ing, obtain ^, the Answer. 



Rule. Divide the fraction of the lower denomination by the 
numbers in the scale, successively^ between the given and the 
required denomination. 

Note. The operation will frequently be shortened by cancellation. 
EXAMPLES FOR PRACTICE. 

2. What part of a rod is | of a foot ? Ans. -^ rd. 

3. What part of a pound is ^ of a dram ? Ans, xAir 1^* 

4. Keduce ^ of a cent to the fraction of an eagle. 

5. A hand is ^ of a foot ; what fraction is that of a mile ? 

6. Reduce f of 2 pwt. to the fraction of a pound. Ans. ^ J^y lb. 

7. How much less is f of a pint than ^ of a hogshead ? 

Ans. lighhd. 

8. In f of an inch what fraction of a mile ? Ans, xTyTVa<r ^' 

9. f of an ounce Troy is f of what fraction of 2 pounds ? 
10. f of an ounce is ^ of what fraction of 2 pounds Troj? 

CASE III. 

313. To reduce a denominate fraction to integers 
of lower denominations. 

1. What is the value of f of a hogshead of wine ? 

GiT0 explanation. Bule. Case III iawh&t) 
8« 
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OPERATION. 

i bhd. X 63 = iJ^i gal. = 39f gal. 
fgal. X 4 = J^qt.= l|qt.; |qt. X 2 = f pt= 1 pt. 

Ans. 39 gal. 1 qL 1 pint 

Analysis. | hhd. = | of 63 gal., or 39| gal. ; and | gaL = | of 
4 qt., or If qt ; and f qt. =: f of 2 pt., or 1 pt. Hence, 

Rule. I. MuUiply the fraction by that number in the scale 
which will rediLce it to the next lower denomination^ and if the 
resviU be an improper fraction^ reduce it to a whole or mixed 
number, 

II. Proceed with the fractional part, if any, as before^ 
until reduced to the denominations required. 

IIL The units of the several denominations, arranged in 
their order, will be the required result, 

EXAMPLES FOR PRACTICE. 

2. Reduce f of a month to lower denominations. 

Ans, 17 da. 3 h. 25 min. 42f sec. 

3. What is the value of ^ of a £ ? Ans. 8 s. 6 d. 3^ far. 

4. What is the value of.| of a bushel ? 

5. Reduce ^ of 15 cwt. to its equivalent value. 

Ans. 12 cwt. 85 lbs. 11 oz. 6f dr. 

6. Reduce f of | of a pound avoirdupois to integers. 

Ans. 4oz. llff dr. 

7. What is the value of ^ of an acre ? Ans. 3 R. 13^ P. 

8. Reduce Jf of a day to its value in integers. 

Ans. 16 h. 36 min. $5^*^ sec, 

9. What is the value of f of a pound Troy ? 

10. What is the value of J of 5^ tons ? Ans. 4 T. 5 cwt 55f lb. 

1 1. What is the value of \ of 3§ acres ? Ans. 1 A. 1 R. 20 P. 

CASE IV. 

214. To reduce a compound number to a fraction 
of a higher denomination. 

1. What part of a week is 5 da. 14 h. 24 min. ? 
Give ezplanatioxi. B.\iie. CaaelV \*^\ka^.^ 
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OPEllATION. Analtbis. To find 

5 da. 14 h. 24 min. = 8064 min. what part one compound 

1 wk. = 10080 min. number is of another, 

^"""'' ^ ' the same denommation. 

In 5 da. 14 h. 24 min. there are 8064 minutes, and in 1 week there 
are 10080 minutes. Since 1 minute is prinr ^^ ^ week) 8064 min- 
u^^ ^ ^MV^^i ^ ^ week. Hence, 

IluLE. deduce the given number to its lowest denomination 
for the numerator^ and a unit of the required denomination 
to the same denomination for the denominator of the required 
fraction^ - 

Note. If the giyen number contain a fraction, the denominator of 
this fraction must be regarded as the lowest denomination. 

EXAMPLES FOR PRACTICE. 

2. What part of a mi. is 6 fur. 26 rd. 3 yd. 2 ft. ? Ans. i mi. 

3. What fraction of a £ is 13 s. 7 d. 3 far. ? 

4. Reduce 10 oz. lOpwt. 10 gr. to the fraction of a pound 
Troy, Ans. iV^ lb. 

5. Eeduce 2 cd. ft. 8 cu. ft. to the fraction of a cord. 

Ans, -^ Cd. 

6. Reduce 1 bbl. 1 gal. 1 qt 1 pt. 1 gi. to the fraction of a 
hogshead. Ans. ^^ hhd. 

7. What, part of 2 rods is 4 yards 1^ feet ? Ans. ^. 

8. Reduce If pecks to the fraction of a bushel. Ans. f bu. 

9. What part of 9 feet square are 9 square feet ? 

10. From a piece of cloth containing 8 yd. 3 qr. a tailor cut 
2 yd. 2 qr. ; what part of the whole piece did he take ? Ans. f • 

CASE V. 

319. To reduce a denominate decimal to integers 
of lower denominations. 

1 . Reduce .78125 of a pound Troy to integers of lower de- 
nominations. 

Give explanation. KuLe. Cw»N'Sa^\»X\ 
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OFZBATION. Analysis. We first multiply 

.78125 lb. by 12 to reduce the given number 

22 iiom pounds to ounces, and the 

result is 9 ounces and the decimal 

9.37500 oz. .375 of an oz. We then multiply 

20 this decimal by 20 to reduce it to 

TiioOOO pwt. pennyweights, and get 7 pwt and 

^ .5 of a pwt This last decmaal we 

Zl multiply by 24, to reduce it to 

12.0000 gr. grains, and the result is 12 gr. 

, ^ ^ J Hence the answer is 9 oz. 7 pwt 

9 oz. 7 pwt. 12 gr., Ans, ^g gr 

KuLE. I. Multiply the given decimal hy that number in the 
scale which will reduce it to the next lower denomination, and 
point off as in multiplication of decimals. 

IL Proceed with the decimal part of the product in the same 
manner until reduced to the required denominations. The in" 
tegers at the left will he the answer required. 

EXAMPLES FOR PRACTICE. 

2. What is the value of .217° ? Ajis. 13' 1.2' . 

3. What is the value of .659 of a week ? 

Ans. 4 da. 14 h. 42 min. 43.2 sec 

4. Reduce .578125 of a bushel to integers of lower denom- 
inations. ^w«- 2 pk. 2 qt 1 pt. 

5. Reduce .125 bbl. to integers of lower denominations. 

Ans. 3 gal. 3 qt. 1 pt 2 gi. 

6. What is the value of .628125 £ ? 

7. What is the value of .22 of a hogshead of molasses ? 

Ans. 13 gal. 3 qts. 3.62 gi. 

8. What is the value of .67 of a league ? 

Ans. 2 mi. 3 rd. 1 yd. 3f in. 

9. What is the value of .42857 of a month ? 

Ans. 1 2 da. 20 h. 34 min. 13^ sec 
10. What is the value of .78875 of a long ton ? 

Ans. 15 cwt 3 qr. 2 lb. 12.8 oz. 



Give explanation. Bule. 
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11. What is the value of 5.881 25 acres ? Ans. 5 A. 3 R. 21 P. 

12. Reduce .0055 T. to pounds. Ans, 11 lb. 

13. Reduce .034375 of a bundle of paper to its value in 
lower denominations. Ans, 1 quire 9 sheets. 

CASE VI. 

316. To reduce a compound number to a decimal 
of a higher denomination. 

1. Reduce 3 pk. 2 qt. to the decimal of a bushel. 

OPERATION. Analysis. Since 8 quarts make 

2.00 qt. 1 peck, and 4 pecks 1 bushel, there 

will be ^ as many pecks as quarts 



o.^DVij pK. ^jgg^^ ^^ ^ ^^ ^^y bushels as 



.Sl25ha., Ans, pecks. 

n Q u o * — o« f Or we may reduce 3 pk. 2 qt. to 

Ur, pk. Z qt. — . /b qt. ^j^^ fraction of a bushel (as in 214), 

1 bu. — 32 qt. and we have ^ of o. bushel, which, 

^ = .8125 bu., Ans. reduced to a decimal, equals .8125. 

Hence the 

Rule. Divide the lowest denomination given by that nuni' 
her in the scale which will reduce it to the next higher, and an^ 
nex the quotient as a decimal to that higher. Proceed in the 
same manner until the whole is reduced to the denomination 
required. Or, 

Reduce the given number to a fraction of the required de* 
nomination, and reduce this fraction to a decimal 

EXAMPLES FOR PRACTICE. 

2. Reduce 3 qt 1 pt 1 gi. to the decimal of a gallon. 

Ans. .90625 gal. 

3. Reduce 10 oz. 13 pwt. 9 gr. to the decimal of a pound 
Troy. Ans. .8890625 lb. 

4. Reduce 1.2 pints to the decimal of a hogshead. 

Ans. .00238 + hhd. 

5. What part of a bushel is 3 pk. 1.12 qt. ? Ans. .785 bu. 

Caae YI ig what } Oire explKDA.t\o&&. '^xi^fe* 
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6. What part of an acre is 3 R. 12.56 p.? 

7. Reduce 17 yd. 1 ft. 6 in. to the decimal of a mile. 

Ans. .00994318 + mi. 

8. Reduce .32 of a pint to the decimal of a bushel. 

Ans. .005 bu. 

9. Reduce 4| feet to the decimal of a fathom. 

Ans. .8125 fathom. 

10. Reduce 150 sheets of paper to the decimal of a ream. 

Ans. .3125 Rm. 

11. Reduce 47.04 lb. of flour to the decimal of a barrel. 

12. Reduce .33 of a foot to the decimal of a mile. 

13. Reduce 5 h. 36 min. 57^^^ sec. to the decimal of a day. 



ADDITION. 

31T* !• A miner sold at one time 101b. 4oz. 16 pwt. 8 gr. 
of gold ; at another time, 2 lb. 9 oz. 3 pwt. ; at another, 11 oz. 
20 gr. ; and at another, 25 lb. 16 pwt. 23 gr. ; how much did 
he sell in all ? 

Analysis. Arranging the num- 
bers in columns, placing units of the 
same denomination under each oth- 
er, we first add the units in the 
right hand column, or lowest de- 
nomination, and find the amount to 
be 51 grains, which is equal to 2 
Ans. 39 1 17 3 pwt 3 gr. We write the 3 gr. under 
the column of grains, and add the 2 
pwt. to the column of pwt. We find the amount of the second col- 
umn to be 37 pwt., which is equal to 1 oz. 17 pwt Writing the 17 
pwt under the column of pwt., we add the 1 oz. to the next column. 
Adding this column in the same manner as the preceding ones, we 
find the amount to be 25 oz., equal to 2 lb. 1 oz. Placing the 1 oz. 
under the column of oz., we add the 2 lb. to the column of lb. 
Adding the last column, we find the amount to be 39 lb. Hence 
the following 

What 18 addition of compound numbers ? Gi-ve explanation. 





OPEKATION, 




lb. 


on. pwt. 


gr. 


10 


i 16 


8 


2 


9 8 








11 


20 


25 


16 


23 
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Rule. I. Write the numbers so that those of the same unit 
value will stand in the same column. 

11. Beginning at the right handj add each denomination as 
in simple numbers, carrying to each succeeding denomination 
one for as many units as it takes of the denomination added, to 
make one of the next higher denomination. 

EXAMPLES FOR PRACTICE. 



(2.) 
£. 8. d. 
48 13 8 




lb. 
12 


( 
8 


[3.) 

3- d- gr. 
7 2 15 


51 6 4 






10 


4 1 10 


67 11 3 




15 


00 


2 1 19 


76 18 10 






11 


6 12 


244 10 1 




13 


4 


4 2 00 


(4.) 
T. cwt. lb. oz. 
4 7 18 4 


dr. 
10 




bu. 
1 


(5.) 
pk. qt. pt. 
3 7 1 


15 98 15 


5 




3 


2 2 


3 9 10 6 


15 






1 6 1 


1 15 


4 




17 


5 1 


9 12 42 11 


2 




45 


2 4 



6. What is the sum of 4 mi. 3 fur. 30 rd. 2 yd. 1 ft. 10 in., 
5 mi. 6 fur. 18 rd. 1 yd. 2 ft. 6 in., 10 mi. 4 fur. 25 rd. 2 yd. 
2 ft- 11 in., and 6 fur. 28 rd. 4 yd. 2 ft« 1 in. ? 

7. Find the sum of 197 sq. yd. 4 sq. ft. 104J- sq. in., 122 
pq. yd. 2 sq. ft. 27f sq. in., 5 sq. yd. 8 sq. ft. 2 J sq. ih., and 237 
sq. yd. 7 sq. ft. 128^ sq. in. ? 

Ans. 563 sq. yd. 4 sq. ft. 118.825 sq. in. 

Note. When common fractions occur, they should be reduced to a 
common denominator, to decimals, or to integers of a lower denomi- 
nation, and added according to the usual method. 

Give the RuIa* 
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(8.) 

A. B. p. sq. yd. sq.ft. sq.in. 

26 3 28 25 8 125 

19 2 38 30 7 150 



456 2 


20 16 6 98 


603 1 


8 12(i) 5 85 
{i) = Hi) 

a)=72 



503 1 8 13 1 13 



ml. 

1 


fat. 

7 


(9.) 
Wl. yd. 
30 4 


. ft. 
2 


in. 
11 


Uid. 
27 


(10.) 
gal. qt 
65 3 


pt. 
2 


3 


4 


00 


2 


1 


10 


112 


60 


2 


8 


10 


T 


25 


1 


2 


11 


50 

421 

14 


29 
00 
39 



2 

1 


1 


16 


3 


16 


8* 1 


8 


3 
2 


bu. 
23 


(11.) 

pk. qt. 

3 7 




pt. 

1 


25 


(12.) 
da. h. : 
300 19 


tnin. 
54 


sec. 
35 


34 


2 







1 


21 


40 


12 


40 


24 


42 


3 


5 







3 


112 


14 


15 


17 


51 


1 


4 




1 


6 


19 


11 


45 


59 


23 





3 







1 


1 


1 


1 


1 


11 


3 


4 






T 


57 


109 


11 


37 


16 



/. 

13. If a printer one day use 4 bundles 1 ream 15 quires 
20 sheets of paper, the next day 3 bundles 1 ream 10 quires 
10 sheets, and the next 2 bundles 13 sheets, how much does 
he use in the three days ? 

Ans, 2 bales 1 ream 6 quires 19 sheets. 

14. A tailor used, in one year, 2 gross 5 doz. 10 buttons, 
another year 3 gross 7 doz. 9, and another year 4 gross 6 
doz. 11 ; how many did he use in the three years? 

Ans, 10 gross 8 doz. 6. 



COMPOUND NUMBERS. 185 

15. A ship, leaving New York, sailed east the first Aay 3° 
45' 50" ; the second day, 4° 50' 10 " ; the third, 2° 10' 55" ; 
the fourth, 2® 39" ; how far was she then east from the place 
of starting? Ans. 12° 47' 34". 

16. A man, in digging a cellar, removed 127 cu. yd. 20 cu. 
ft. of earth ; in digging a drain, 6 cu. yd. 25 cu. ft. ; and in 
digging a cistern, 17 cu. yds. 18 cu. ft. ; what was the amount 
of earth removed, and what the cost at 16 cents a cu. yd. ? 

Ans. 152^ cu. yds. ; $24.37^. 

17 A farmer received 80 cents a bushel for 4 loads of 
corn, weighing as follows : 2564, 2713, 3000, and 3109 lbs. ; 
how much did he receive for the whole ? Ans, $162,657-)- 

18. A druggist sold for medicine, in three years, at an aver- 
age price of 9 cents a gill, the following amounts of brandy, 
viz.: 1 bbl. 4gal. 1 pt; 30 gal. 2 qt. 1 gi. ; 2 bbl. 15 gal.; 
how much did he receive for the whole ? Ans, $415.17. 

218. To add denominate fractions. 

1. Add 1^ of a mile to ^ of a furlong. 

OPERATION. ANAI.YSIS. We find the 

* mi. = 6 fur. 26 rd. 11 ft value of each fraction in in- 

4- fur. == 1 3 rd 54- ft tegers of less denominations 

' * - ' («I3), and then add their 

Ans, 7 fur. 00 values as in compound num- 

Or, i fur. ~ 8 = jV «^i- ^^" ^ **'' ^• 

, ^. I . . oi • nr Or, we may reduce the 

5V mi. + ^ mi. = 14 mi. ==7 fur. . ' ^. ^ ^ ^. r 

^* ' *» '^^ given fractions to fraQtions of 

the same denomination (9ltl), then add them, and find the value 

of their sum in lower denominations (218). 

2. Add I of a rod to f of a foot; Ans. 13 ft. 1^ in. 

3. Wliat is the sum of J of a mile, f of a furlong, and ^ of 
a rod ? Ans. 7 fur. 27 rd. 8 ft. 3 in. 

4. What is the sum of f of a pound and f of a shilling ? 

Ans, 13 s. 10 d. 2| qr. 

5. What is the sum of J of a ton and ^ of 1 cwt. ? 

Ans. 12 cwt. 42 lb. 13f oz. 

Give explanation of the process of adding deTLomMaftXa ^wr^q^sssa* 
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6. What 18 the sam of f of a daj added to ^ an hour T 

Ans. 9 h. 30 min. 

7. What is the sum of ^ of a week, f of a day, and ^ of 
an hour ? Am. 1 da. 22 h. 15 min. 

8. Addf of ahhd.tof of agaL 

9. What is the sum of ^ of a cwt, 8f lb., and 8^ oz. by 
long ton table ? Am. 73 lb. 1 oz. 3|| dr. 

10. What is the sum of f of a mile, f of a yard, and J of 
afoot? 

11. Sold 4 village lots; the first contained J of ^ of an 
acre ; the second, 60} rods ; the third, f of an acre ; and the 
fourth, f of I of an acre ; how much land in the four lots ? 

Am. 3R.26P. 126AV8q.ft. 

12. A former sold three loads of hay ; the first weighed 
1^ T., the second, 1^^ T., and the third, 18f cwt; what was 
the aggregate weight of the three loads? 

An9. 3T. ocwt 911b. 10fo«. 

SUBTRACTION. 

ai9. 1. If a druggist buy 25 gal. 2 qt. 1 pt 1 gi. of 

wine, and sell 18 gal. 3qt. 1 pt 2 gi., how much has he left? 
OPERATION. Analysis. Writing the subtrahend 

^1. qt. pt. gi. under the minuend, placing units of the 
^^ ^ I ^ same denomination under each other, 
18 3 2 <we begin at the right hand, or lowest 
A "^ ^ ^ ^ denomination ; since we cannot take 
2 gi. from 1 y., we add 1 pt or 4 gi. to 
1 gi., making 5 gi. ; and taking 2 gL from 5 ^ we write the remain- 
der, 3 gi., underneath the column of gills. Having added 1 pt or 
4 gi. to the minuend, we now add 1 pt to the pt in the subtra- 
hend, making 1 pt ; and 1 pt from 1 pt leaves pt, which we write 
in the remainder. Next, as we cannot take 3 qt from 2 qt, we add 
1 gal. or 4 qt to 2 qt, making 6 qt, and taking 3 qt from 6 qt, we 
MTite the remainder, 3 qt, under the denomination of quarts. Add- 
ing 1 gaL to 18 gal., we subtract 19 gal. from 25 gal., as in simple 

What is subtraction of compound numbera ? Give explanation. 



COMPOUND NUMBERS. 187 

numbers, and write the remainder, 6 gal., imder the column of gal- 
Ions. Hence the following 

Rule. I. Write the svhtrahend under the minuend^ so that 
units of the same denomination shall stand under each other, 

II. Beginning at the right hand, subtract each denomination 
separately, as in simple numbers. 

III. Jf the number of any denomination in the subtrahend 
exceed that of the same denomination in the minuend, add to 
the number in the minuend as many units as make one of the 
next higher denomination, and then subtract ; in this case add 
1 to the next higher denomination of the subtrahend before 
subtracting. Proceed in the same majiTier with each denomi" 
nation. 

EXAMPLESrFORHPRACTICE., 

(2.) (3.) 

lb. oz. pwt. gr. A. R. P. 

From 18 6 10 14 25 2 16.9 

Take 10 5 4 6 19 8 25.14 



Rem. 


8 1 ( 


5 8 




5 2 


31.76 




(4.) 








(5.) 






T. 


cwt. 


lb. 


yr. 


da. 


h. 


min. 


sec. 


14 


11 


69f 


38 


187 


16 


45 


50 


10 


12 


98J 


17 


190 


20 


50 


40 



20 361 19 55 10 

6. A Boston merchant bought English goods to the amount 
of 4327 £ 13 s. 7^d., and he paid 1374 £ 10 s. llf d.; how 
much did he then owe ? 

7. From 300 miles take 198 mi. 7 fur. 25 rd. 2 yd. 1ft. 
10 in. Ans. 101 mi. 14 rd. 2 yd. 2 ft. 8 in. 

8. What is the difference in the longitude of two places, 
one 75° 20' 30" west, and the other 71° 19' 35'' west ? 

Ans. 4*'55". 

9. From 10ib7S 4319 15 gr. take 3ft)8S 2329 
18 gr. Ans. 6 lb 11 S 1 3 1 9 17 gr. 

Giye the Rule, 



} 



188 SUBTRACTION. 

10. The apparent periodic revolution of the sun is made .in 
365 da. 6 h. 9 min. 9 sec., and that of the moon in 29 da. 12 h. 
44 min. 3 sec. ; what is the difference ? 

Ans. 835 da. 17 h. 25 min. 6 sec. 

11. A man, having a hogshead of wine, drank, on an aver- 
age, for five years, including two leap years, one gill of wine 
a day ; how much remained ? Ans. 5 gal. 3 qt. 1 pt. 1 gi. 

12. A section of land containing 640 acres is owned by 
four men ; the first owns 196 A. 2 R. 16^ P. ; the second, 200 
A. 1 j^ B. ; the third, 177 A. 36 P.; how much does the fourth 
own ? Ans. 65 A 3 R. 7.75 P. 

13. From a pile of wood containing 75f Cd. was sold 
at one time 16 Cd. 5 cd. ft. ; at another, 24 Cd. 6 cd.ft. 12 
cu. ft. ; at another, 27 Cd. 112 cu. ft. ; how much remained in 
the pile ? Ans. 6 Cd. 3 cd. ft. 4 cu. ft. 

14. If from a hogshead of molasses 10 gal. 1 qt« 1 pt. be 
drawn at one time, 15 gal. 1 pt. at another, and 14 gal. 3 qt. 
at another, how much will remain ? 

230. To find the difference in dates. 

1. What length of time elapsed from the discovery of 
America by Columbus, Oct 14, 1492, to the Declaration of 
Independence, July 4, 1776? 

FIRST OPERATION. ANALYSIS. We place the earlier date 

yr. mo. da. under the later, writing first on the left 

1776 7 4 the number of the year from the Chris- 

1492 10 14 tian era, next the number of the month, 

j^QQ ^ ^ counting January as the first month, and 

next the number of the day from the 

first day of the month. Instead of the number of the year, month, 

and day, some use the number of years, months, and days that 

SECOND OPERATION. ^' 'i'^*'^ "."*=« ?»! Christian «^ thus : 

^^ ^^ ^^ mstead of sajing July is the 7tn month, 

jyyK 6 3^® ^^y ^ months and 3 days have 

14.Q1 Q 1^ elapsed, and instead of saying October 

is the 10th month, we say 9 months and 

283 8 20 13 days have elapsed. 

How is the difference of dates found } 
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Both methods will obtain the same result ; the former is generally 
used. 

Notes. 1. When hours are to be obtained, we reckon from 12 at 
night, and if minutes and seconds, we write them still at the right of 
hours. 

2. In finding the time between two dates, or in computing interest, 
12 months are considered a year, and 30 days a month. 

When the exact number of days is required for any period 
bot exceeding one ordinary year, it may be readily found by 
the following 

TABLE, 

Shotoinff the number of days from any day of one month to the same day 

of any other month within one year. 



PHOM ANY 


TO THE SAME DAY OP THE NEXT. 


DAY OP 


Jan. 
366 


Feb. 
31 


Mar. 
69 


Apr. 
90 


May. 
120 


June 
161 


July 
181 


Aug. 
212 


Sfpt. 
243 


Oct. 
273 


Nov. 
304 


Dtc. 


January . . . 


334 


February . . 


334 


365 


28 


69 


89 


120 


160 


181 


212 


242 


273 


303 


March . , . . 


306 


337 


366 


31 


61 


92 


122 


163 


184 


214 


246 


275 


April 


276 


306 


334 


365 


30 


61 


91 


122 


153 


183 


214 


244 


May 


246 


276 


304 


336 


866 


31 


61 


92 


123 


163 


184 


214 


June 


214 


245 


273 


304 


334 


365 


30 


61 


92 


122 


163 


183 


July 


184 


215 


243 


274 


304 


336 


365 


31 


62 


92 


123 


153 


August . . . 


163 


184 


212 


243 


273 


304 


334 


365 


31 


61 


92 


122 


September . 


122 


163 


181 


212 


242 


273 


303 


334 


365 


30 


61 


91 


October 


92 


123 


161 


182 


212 


243 


273 


304 


335 


365 


31 


61 


November . 


61 


92 


120 


161 


181 


212 


242 


273 


304 


334 


366 


30 


December. . 


31 


62 


90 


121 


161 


182 


212 


243 


274 


304 


335 


365 



If the days of the different months are not the same, the 
number of days of difference should be added when the earlier 
day belonj^s to the month /row which we reckon, and subtracted 
when it belongs to the month to which we find the time. If 
the 29th of February is to be included in the time computed, 
one day must be added to the result. 

EXAMPLES FOR PRACTICE. 

2. George Washington was born Feb. 22, 1732, and died 
i)ec. 14 1799 ; what was his age ? Ans. 67 yr. 9 mo. 22 da. 
flow can the number of days, if less than a year, be obtakiftd^ 
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3. How much time has elapsed since the declaration of 
independence of the United States ? 

4. How many years, months, and days from your birthday 
to this date ; or what is your age ? 

5. How long from the battle of Bunker Hill, June 17, 1775, 
to the battle of Waterloo, June 18, 1815 ? Am. 40 yr. 1 da. 

6. What length of time will elapse from 20 minutes past 
2 o'clock, P. M., June 24, 1856, to 10 minutes before 9 o'clock, 
A. M., January 3, 1861 ? Arts. 4 yr. 6 mo. 8 da. 18 h. 30 min. 

7. How many days from any day of April to the same day 
of August? of December? of February? 

8. How many days from the 6th of November to the 15th 
of April? Ans. 160 days. 

9. How many days from the 20th of August to the 15th 
of the following June ? Ans. 299 days. 

331 • To subtract deuomiuate fractions. 

1. From f of an oz.wlake j^ of a pwt. 

OPERATION. Analysis. We per-' 

Joz. zz:7pwt. 12gr. • form the same reduc- 

1 p^vt, :^ 21 gr. tions as in addition of 

denominate fractions, 

6 pwt. 15 gr., Ans. (ai§ ), and then sub- 
tract the less value from 

Or, f oz. X 20 = ^# pwt. the greater. 
^ — i = V pwt.= 6 pwt 15 gr. 

2. What is the diflference between ^ rod and } of a foot ? 

Ans. 7ft. 6 in. 

3. From f £ take f of f of a shilling. 

4. From f of a league take /^ of a mile. 

Ans. 1 mi. 2 fur. 16 rd. 

5. From 8^ cwt take 1 qr. 2f lb. 

Ans. 8 cwt. 2 qr. 14 lb. 5 oz. 15^ dr. 

6. From -J of a week take -J^ of a day. 

Ans. 1 da. 4 h. 48 min. 

GWe expknatioB of the process of subtracting deDominate fractions. 
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7. Two persons, A and B, start from two places 120 miles 
apart, and travel toward each other ; after A travels f , and 
B ^, of the distance, how far are thej apart ? 

Ans. 41. mi. 7 fur. 9 rd. 8 fib. 7 J in. 

8. From a cask of brandy containing 96 gallons, -^ leaked 
out, and f of the remainder was sold ; how much still remained 
in the cask ? Am. 25 gaL 2 qt. 3^ gi. 



MULTIPLICATION. 

233, 1. A farmer has 8 fields, each containing 4 A. 2 R. 
27 P. ; how much land in all ? 

Analysis. In 8 fields are 8 times as much 
land as in 1 field. We write the multiplier 
under the lowest denomination of the mul- 
tiplicand, and proceed thus ; 8 times 27 P* 
rz — ' 77" are 216 P., equal to 5 R. 16 P. ; and we 
write the 16 P. under the number multiplied. 
Then 8 times 2 R, are 16 R., and 5 R added make 21 R., equal to 
4 A. 1 R. ; and we write the 1 R. under the number multiplied. 
Again, 8 times 4 A are 32 A., and 4 A. added make 36 A., which we 
write under the same denomination in the multiplicand, and the 
work is done. Hence, 

Rule. L Write the muUipUer under the lowest denomina- 
tion of the mtdtiplicand. 

II. Multiply as in simple numbers^ and carry as in addi- 
tion of compound numbers, 

EXAMPLES FOR PRACTICE. 

(3.) 

mi. fur. rd. ft. 

9 4 20 13 



OPERATION. 


A. 


R. 


p. 


4 


2 


27 
8 



bn. 

4 


(2.) 

pk. qt, 

2 5 


pt. 
1 
2 



13 57 3 4 12 



Multiplication of compound numbers, how performed ? B.ulfi« 
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(4.) 

£. >. d. 

5 18 4 




(5.) 

lb. <Mk pwt. gr. 

3 4 22 


4 




7 


(6.) 

T. cwt. lb. 

14 16 48 


12 


(7.) 
13° 10' 35" 




11 


9 



8. In 6 barrels of grain, each containing 2 bu. 3 pk. 5 qt., 
how manj bushels ? -4?w. 17 bu. 1 pk. 6 qt. 

9. If a druggist deal out 3 lb 4 5 1 3 2 9 16 gr. of med- 
icine a day, how much will he deal out in Q days ? 

10. If a man travel 29 mi. 3 fur. 30rd.loft. in 1 day, 
how far will he travel in 8 days ? 

11. If a woodchopper can cut 3 Cd. 48 cu. ft. of wood in 1 
day, how many cords can he cut in 12 days ? Ans, 40^ Cd. 

12. What is the weight of 48 loads of hay, each weighing 
1 T. 3 cwt. 501b.? 

OPERATION. Analysis. When the multi- 
T. cwt. lb. plier is large, and a composite 
1 ^ 50 number, we may multiply by one 
6 of the factors, and that product 

7 1 00 weightofeioada. ^y the other. Multiplying the 

g weight of 1 load by 6, we obtain 

— Z. the weight of 6 loads, and the 

56 8 00 weightof48ioadfc Weight of 6 loads multiplied by 

8, gives the weight of 48 loads. 

13. If 1 acre of land produce 45 bu. 3 pk. 6 qt. 1 pt. of 
com, how much will 64 acres produce ? Ans. 2941 bu. 

14. How much will 120 yards of cloth cost, at 1 £ 9 s. 8^ d. 
per yard ? 

15. If $80 will buy 4 A. 3 R. 26 P. 20 sq. yd. 3 sq. ft. of 
land, how much will $4800 buy? Ans. 295 A. 10 sq.yd. 

16. If a load of coal by the long ton weigh 1 T. 6 cwt. 2 qr. 
26 lb. 10 oz., what will be the weight of 73 loads ? 

Jns. 97 T. 11 cwt 8 qr. H lb. 10 oz. 
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17. The sun, on an average, changes his longitude 59' 8.33" 
per day ; how much will be the change in 365 dajs ? 

18. If 1 pt. 3 gi. of wine fill 1 bottle, how much will be re- 
quh'ed to fill a great gross of bottles of the same capacity ? 

DIVISION. 

393. 1. If 4 acres of land produce 102 bu. 3 pk. 2 qt. of 

wheat, how much will 1 acre produce ? 

OPERATION. Analysis. One acre will produce J 

pt bu. pk. qt. pts, as much as 4 acres. Writing the divi- 
4 ) 102 3 2 sor on the left of the dividend, we divide 

25 2 6 1 ^^^ ^"' ^^ ^* *^^ ^® obtain a quotient of 

25 bu., and a remainder of 2 bu. We 
write the 25 bu. under the denomination of bushels, and reduce the 
2 bu. to pecks, making 8 pk., and the 3 pk. of the dividend added 
makes 1 1 pk. Dividing 11 pk. by 4, we obtain a quotient of 2 pk. 
and a remainder of 3 pk. ; writing the 2 pk. under the order of 
pecks, we next reduce 3 pk. to quarts, adding the 2 qt. of the 
dividend, making 26 qt, which divided by 4 gives a quotient of 6 qt. 
and a remainder of 2 qt. Writing the 6 qt. under the order of 
quarts, and reducing the remainder, 2 qt, to pints, we have 4 pt, 
which divided by 4 gives a quotient of 1 pt, which we write under 
the order of pints, and the work is done. 

2. A farmer put 132 bu. operation. 

1 pk. of apples into 46 barrels ; ^"- p*^- 

how many bu. did he put into ^^^^H ^ ^ ^ ^"' 
a barrel ? 



92 



40 
4 



When the divisor 18 large, and ici / o t 

not a composite number, we di- lol ^ o pK. 

vide by long division, as shown -^^^ 

in the operation. From these 23 
examples we derive the g 



184(4qt 

i5i ^ws.2bu.3pk.4qt 



Pp^ Explain the process of diyiduig oompoAmdk. Ti\m^«t%* 
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SuDE. L Divide the highest denomination as in simple 
numbers, and each succeeding denomination in the same man- 
ner, if there be no remainder, 

II. If there be a remainder after dividing any denomina- 
tion, reduce it to the next lower denomination, adding in the 
given number of that denomination, if any, and divide as be- 
fore. 

m. The several partial quotients wiU be the quotient re- 
quired. 

NoTxs. 1. When the diirisoT is large and is a con^Mtte nnmber, 
we may shorten the work by diylding by the fitctors. 

2. When the divisor and dividend are both compound numbers, they 
must both be reduced to the same denomination before dividing, and 
then the process is the same as in simple numbers. 



EXAMPLES 


FOB 


PBACTICE. 






(3.) 
5)25 8 


d. 

4 






7)45 


cwt. 

15 


lb. 
25 


5 1 


8 






6 


10 


76 


(5.) 

wk. da. h. 

)S 5 22 




min. 

00 




10)25» 


(6.) 
42* 


40" 



6 17 30 2 34 16 

7. Bought 6 large silver spoons, which weighed 1 1 oz. 3 p wt. ; 
what was the weight of each spoon ? 

8. A man traveled by railroad 1000 miles in one day 5 
what was the average rate per hour ? 

Ans. 41 mi. 5 fur. 13 rd. 5 fl. 6 in. 

9. If a family use 10 bbl. of flour in a year, what is the 
average amount each day ? Ans. 5 lb. 5 oz. 14^ J dr. 

10. The aggregate weight of 123 hogsheads of sugar is 
57 T. 19 cwt. 42 lb. 14 oz. ; what is the average weight per 
hogshead ? Ans. 9 cwt. 42 lb. 10 oz. 

11. How many times are 5 £ 10 s. 10 d. contained in 537 £ 
1 0b, lOd.? Ans. 97. 

Give the rule. When the divisor is a composite nmnber, how may 
we proceed ? When the divisor and dividend are both compoimd 
JitmibeTs, how proo«ed } 
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12. A cellar 50 ft. long, 30 ft. wide, and 6 ft. deep was ex- 
cavated by 5 men in 6 days ; how many cubic yards did each 
man excavate daily? Ans, 11 cu. yd. 3 cu.fti. 

13. If a town 5 miles square be divided equally into 150 
farms, what will be the size of each fai'm ? 

Ans, 106 A. 2 R. 26 P. 20 sq. yd. 1 sq.ft. 72 sq. in. 

14. How many times are 4 bu. 3 pk. 2 qt. contained in 
836 bu. 3 pk. 4 qt. ? Am. 70. 

15. A merchant tailor bought 4 pieces of cloth, each con- 
taining 60 yd. 2.25 qr. ; after selling ^ of the whole, he made 
up the remainder into suits containing 9 yd. 2 qr. each ; how 
many suits did he make ? Ans. 17. 



LONGITUDE AND TIME. 

334:« Every circle is supposed to be divided into 360 
equal parts, called degrees. 

Since the sun appears to pass from east to west round the 
earth, or through 360°, once in every 24 hours, it will pass 
through 2V ^^ 360°, or 15^ of the distance, in 1 hour ; and 1° of 
distance in -j^ of 1 hour, or 4 minutes; and 1' of distance in 
^ of 4 minutes, or 4 seconds. 

TABLE OF LONGITUDE AND TIME. 

360° of longitude zz: 24 hours, or 1 day of time. 

15° " " =1 hour " " 

JO « a --.4 minutes " « 

1' " " =4 seconds " " 

CASE I. 

33tK« To find the difference of time between two 
places, when their longitudes are given. 

1. The longitude of Boston is 71° 3', and of Chicago 87^ 
SO' ; what is the difference of time between these two places ? 

Explain how distance is measured by time. Repeat the table of 
le&gitude and time. Case I is what } 



87° 


30' 


71 


3' 


16° 


27' 




4 



LONGITUDE AND TIME. 

Analysis. By subtraction of 
compound numbers we first find 
the difierence of longitude be- 
tween the two places, which is 
16° 27'. Since 1^ of longitude 
makes a difierence of 4 minutes 

- , I I ,T" J of time, and 1' of longitude a 

1 h. 5 mm. 48sec~ Ans. ,.- ' - , ^ c ^ 

^ difference of 4 seconds of tmie, 

we multiply 16° 27', the difierence in longitude, by 4, and we obtain 

the difierence of time in minutes and seconds, which, reduced to 

higher denominations, gives 1 h. 5 min. 48 sec, the difierence in 

time. Hence the 

Rule. Multiply the difference of tongitude in degrees and 

minutes hy 4, arid the product will be the difference of time in 

minutes and seconds, which may be reduced to hours. 

Note. If one place be in east, and the other in west longitude, the 
difierence of longitude is found by adding them, and if the sum be 
greater than 180°, it must be subtracted firom 360°. 

EXAMPLES FOR PRACTICE. 

2. New York is 74^ 1' and Cincinnati 84"* 24' west longi- 
tude ; what is the difierence of titne ? Ans. 41 min. 32 sec. 

3. The Cape of Good Hope is 18 28' east, and the Sand- 
wich Islands 155^ west longitude; what is the difierence of 
time ? Ans. 1 1 h. 33 min. 52 sec. 

4. Washington is 77"* 1' west, and St. Petersburg 30"* 
19' east longitude ; what is their difierence of time ? 

Ans. 7 h. 9 min. 20 sec 

5. If Pekin is 118'' east, and San Francisco 122^ west 
longitude, what is their difierence of time ? 

6. If a message be sent by telegraph without any loss of 

time, at 12 M. from London, 0° (K longitude, to Washington, 

77^ 1' west, what is the time of its receipt at Washington ? 

Note. Since the sim appears to move from east to west, when it is 
exactly 12 o'clock at one place, it will be p<ut 12 o'clock at all places 
east, and before 12 at all places west. Hence, knowing the difference 
of time between two places, and the exact time at one of them, the 
exact time at the other will be fotmd by adding their difierence to the 
given time, if it be east, and by subtracting if it be toest, 

Ans. 6 h. 51 min. 56 sec, A. M. 

— i— > « . » f — . .^*-.^_^ 

QKy8 escplftnlitiL^u. B.tii\a. 
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7. A steamer arrives at Halifax, C3° 36' west, at 4 o*clock, 
P. M.; the fact is telegraphed to St. Louis, 90^ 15' west, 
without loss of time ; what is the time of its receipt at St 
Louis ? Ans. 2 h. 13 min. 24 sec, P. M. 

8. If, at a presidential election, the voting begin at sunrise 
and end at sunset, how much sooner will the polls open and 
close at Eastport, Me., 67^ west, than at Astoria, Oregon, 124* 
west ? Ans. 3 h. 48 min. 

9. When it was 1 o'clock, A. M., on the first day of Jan- 
uary, 1859) at Bangor, Me., 68° 47' west, what was the 
time at the city of Mexico, 99** 5' west? 

. \ Ans. Dec. 31, 1858, 58 min. 48 sec. past 10, P. M. 

CASE II. 

S36« To find the differenco of longitude between 
two places, when the diCFerence of time is known. 

1. If the difference of time between New York and Cincin- 
nati be 41 min. 32 sec, what is the difference of longitude ? 

OPEBATION. Analysis. Since 4 minutes of time 

min. sec. make a difference of 1° of longitude, and 

4 ) 41 32 4 seconds of time, a difference of V of 

7TZ ZZj J longitude, there will be J as many de- 

' -AW*. grees of longitude as there are minutes 

of time, and {- as many minutes of longitude as there are seconds of 

time. Hence, 

Rule, deduce the difference of time to minutes and sec- 
ondsy and then divide by 4:; the quotient will be the difference 
in longitude, in degrees and minutes. 

2. What is the difference of longitude between the Cape 
of Good Hope and the Sandwich Islands, if the difference of 
time be 11 h. 33 min. 52 sec. ? Ans. 173^ 28'. 

3. What is the difference of longitude between Washington 
and St. Petersburg, if their difference of time be 7 h. 9 min. 
20 sec? Ans. 107° 20'. 

Case n is what ? Giye explanation. B.\]Jb&« 
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4. When it is half past 4, P. M., at St. Petersburg, 30^ 19' 
east, it is 32 min. 36 sec. past 8, A. M., at New Orleans, west ; 
what is the difference of longitude ? Ans. 119^ 21' 

5. The longitude of New York is 74^ 1' west. A sea cap- 
tain leaving that port for Canton, with New York time, finds 
that his chronometer constantly loses time. What is hife longi- 
tude when it has lost 4 hours ? 8 h. 40 min. ? 13 h. 25 min. ? 

Ans. 14^ 1' west; 55^ 59' east; 127° 14' east, 
d When the days are of equal length, and it is noon on 
the 1st meridian, on what meridian is it then sunrise? sun- 
set ? midnight ? Ans. 90''west; 90^ east; 180 east or west 

DUODECIMALS. 

337« Daodecimals are the divisions and subdivisions of 
a unit, resulting from continually dividing by 12, as 1, ^, -j^j., 
ttV?' ^^ ^^ practice, duodecimals are applied to the meas- 
urement of extension, the foot being taken as the unit 

If the foot be divided into 12 equal parts, the parts are 
called inches, or primes ; the inches divided by 12 give sec- 
onds; the seconds divided by 12 give thirds; the thirds di- 
vided by 12 give fourths; and so on. 

From these divisions of a foot it follows that 

1' (inch or prime) is ^ of a foot 

1" (second) or tV of ^, « ^^^ of a foot. 

1'" (third) or ^ of tV of tV, • . " ttVf of a foot, &c 

TABLE. 

12 fourths, marked (""), make 1 thu-d marked 1'" 

12 thirds « 1 second, « 1'' 

12 seconds « 1 prime, or inch, " V 

12 primes, or inches, " 1 foot, " ft. 

Scale — uniformly 12. 

The marks ', ", ''', '"^ are called indices. 



I 



What are duodecimals ? To what applied ? Explain the divisions 
of the foot. Repeat the table. 
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Note. Duodecimals are really common f/actions, and can always 
be treated as such ; but usually dieir denom'jiators are not expressed, 
and they are treated as compound numbers. 

Addition and Scbtraction of Duodecimals. 

338* We add and subtract duodecimals the same as other 
compound numbers. 

EXAMPLES. 

1. Add 13 ft. 4' 8", 10 ft. 6' 7", 145 ft. 9' 11". 

Am. 169 ft. 9' 2", 

2. Add 179 ft. 11' 4", 245 ft. 1' 4", 3 ft. 9' 9". 

Ans. 428 ft. lO' 5". 

3. From 25 ft. 6' 3" take 14ft. 9' 8". Ans. 10 ft. 8' 7". 

4. From a board 15 ft. 7' 6" in length, 3 ft. 8' 11" were 
sawed off; what was the length of the piece left? 

Ans. 11 ft. lO' 7". 

Multiplication op Duodecimals. 

329. Length multiplied by breadth gives surface, and 
surface multiplied bj thickness gives solid contents (I98). 

1. How many square feet in a board 11 feet 8 inches long 
and 2 feet 7 inches wide? 

OPERATION. Analysis. We first mtdtiply by the T. 

1 1 ft. 8' 7 twelfths times 8 twelfths equals 56 one 

2 7' hundred forty-fourths, which equals 4 

twelfths and 8 one hundred forty-fourths. 

6 ft. 9' 8" ^e write the 8 144th8 —marked with two 

28 4^ indices— to the right, and add the 4 12th8 

30 ft. 1' 8" *® ^^® ^^^^ product T times 11 equals 

77', which added to 4' equals 81', equal to 
6 feet and 9^. We write the O' under the 
inches, or 12th8, and the 6 under the feet, or units. 2 times 8^ 
equals 16', or 1 foot and 4'. We write the 4' under the y, and 
add the 1 foot to the next product 2 times 1 1 feet are 22 feet, and 
1 foot added make 23 feet, which we write under the 6 feet Add- 
How are duodecimals added and subtracted i Give analysis of ex- 
ample 1. 
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ing these partial products, and we have 30 ft. 1 ' and &' for the 
entire product 

It will be seen from the above that the number of indices to eyerjr 
product of any two factors is equal to the sum of the indices of those 
factors ; thus 7' X S' = 56" ; 4" X 5'" = 20""'. Hence the 

Rule. I. Write the several terms of the midtiplier under 
the corresponding terms of the multiplicand 

II. Multiply each term of the multiplicand hy each term of 
the multiplier^ beginning with the lowest term in eachy and call 
the product of any two denominations the denomination denoted 
by the sum of their indices^ carrying 1 for every 12. 

III. Add the partial products, carrying 1 for every 12 ; 
their sum will be the required answer, 

EXAMPLES FOR PRACTICE. 

2. How many square feet in a board 13 fl. 9^ long and 11' 
wide? Ans. 12fl.7' 3". 

3. How man J square feet in a stock of 4 boards, each 11 fl. 
9' long and 1 fl. 3' wide ? Ans. 58 fl. 9'. 

4. How many square yards of plastering on the walls of a 
room 12ft. 11' square, and 9 ft. 3' high, allowing for two win- 
dows and one door, each 6 ft. 2' high and 2 ft. 4' wide ? 

Ans. 48 sq. yd. 2 ft. 9'. 

5. How many solid feet in a mow of hay 30 ft. 4' long, 
25ft. 6' wide, and 12ft. 5' high? Ans. 9604ft. 3' 6". 

6. How many cords in a pile of wood 18 ft. 6' long, 12 fL 
wide, and 5 ft. 6' high ? Jns. 9 cords 69 ft, 

7. How many cubic yards of earth must be removed in 
digging a cellar 36 ft. lO' long, 22 ft. 3' wide, and 5 ft. 2' deep ? 

Ans. 156cu.yd. 22 ft. 3' 7". 

8. What would it cost to plaster a wall 32 fl. 8' long and 
9 ft. high, at 17 cents per square yard ? Ans, $5.55^. 

9. How many yards of carpeting, 27' wide, will be re- 
quired to cover a floor 48 ft. long and 33 ft. 9' wide ? 

Ans. 240 yards. 

Give the rule. 
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Division of Duodecimals. 
1. A flagstone, 3 ft. 9' wide, has a surface of 20 fi 
ir 8'' ; what is its length ? 

operation. Analysis. We divide 

3 ft. 9' ) 20 ft. 11' '3" ( 5 ft. 7'. the surface by the width 

13 9' to obtain the length. The 

~ divisor is something more 

2 2' 3 tjjan 3 ft., and to obtain 

2 y 3 the first quotient figure, we 

consider how many times 
3 ft. and something more is contained in nearly 21ft. (20 ft. 11') j 
we estimate it to be 5 times, and multiplying the divisor by this 
quotient figure, we have 18 ft. 9^, which, subtracted from 20 ft. 11', 
leaves 2 ft. 2', to which we bring down S'", the last term of the divi^ 
dend. We next seek how many times the divisor is contained in 
this remainder, and find by trial the quotient 7' ; multiplying the 
divisor by this figure, we obtain 2 ft. 2' 3", and there is no remain- 
der. Hence the 

Rule. I. Write the divisor on the left hand of the dividend^ 
as in simple numbers. 

II. Find the first term of the quotient either hy dividing the 
first term of the dividend hy the first term of the divisor, or hy 
dividing the first two terms of the dividend hy the first two 
terms of the divisor ; multiply the divisor hy this term of the 
quotient » subtract the product from the corresponding terms of 
the dividend^ and to the remainder bring down another term of 
the dividend* 

III. Proceed in like manner tiU there is no remainder y or 
till a quotient has been obtained sufficiently exact 

examples for practice. 

2. Divide 44 ft. 5' 4'- by 16ft. 8', Ans. 2 ft. 8'. 

3. The square contents of a walk aro 184 ft. 3', and tlio 
length is 40 ft. 11' 4'' ; what is the width? Ans, 4ft. 6'. 

4. A blanket whose squaro contents are 14ft. 6', is to be 
lined with cloth 2 ft. 1' wide ; how much in length will be re- 
quired? 

Give analysis of example 1. Ilule« 
9* 
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5. A block of granite contains 64 fL 2' 5^' ; its widch is 
2 ft 6', and its thickness 3 ft 7' ; what is its length? 

NoTB. Since the solid Gontents arc the prodnct of the three dhnen- 
sLons, we divide the solid contents by any two dimensions or by their 
product, to obtain the other dimfnmon. 

Ans. 7ft 2^. 

PROMISCUOUS EXAMPLES. 

1. In 115200 grains Troy, how many ponnds? 

2. In 365 da. 5 h. 48 min. 46 sec, how many secondL. t 

Jbu. 31556926. 
8. A man wishes to ship 1560 boshek of potatoes in bar- 
rels containing 3 bu. 1 pk. each; how many barrels will be 
required? Ans. 480. 

4. Redace 295218 inches to miles. 

5. Beduce 456575 grains to pounds, apothecaries' weight 

Ans. 79 lb 3 5 13 19 15 gr. 

6. How many sheets in 3 reams of paper ? 

7. What is the Talue of 4 piles of wood, each 20 ft long, 6 ft. 
wide, and 10 ft. high, at $3.25 per cord? Ans. $121.87^. 

8. How many bottles, each holding 1 qL 1 gi^, can be filled 
from a barrel of cider? Ans. 112. 

9. At $20.40 per sq.rd. for land, what will be the cost of a 
Tillage lot SI rd. long, and 4^ rd. wide ? Ans. $980.10. 

10. Divide 259 A. 1 R. 10 P. of land into 36 equal lots. 

Ans. 7A32JP. 

1 1. How many times can a box holding 4 bu. 3 pk. 2 qt. be 
filledfTom336bu. 3pk. 4qt? Ans. 70. 

12. What is the Talue of .875 of a gallon? 

13. Whatpartofamileis2fur. 36rd. 2 yd.? Ans. ^ 

14. What part of 2 days is 13 h. 26 min. 24 sec? 

15. From 26 A. 2 R. of land, 5 A. 3 R. were sold ; what 
part of the whole piece remained unsold ? Ans. ■^^. 

1 6. What is the difference between f of a pound sterling 
and 5^ pence? Ans. 11 s. 6| d. 

17. What is the sum of f of a yard, ^ of a foot, and ^ of 
an inch ? Ans. 7 inches. 
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18. Reduce 3 cwt Iqr. 7 lb. of coal to the decimal of a 
long ton. Ans. .165625. 

19. Benjamin Franklin was born Jan. 18, 1706, and George 
Washington Feb. 22, 1732 1 how much older was Franklin 
than Washington? Ans. 26 jr. 1 mo. 4 da. 

20. The longitude of Boston is 71"^ 4! west, and that of 
Chicago 87** 30^ west; when it is 12 M. at Boston, what is th« 
time in Chicago ? Ans. 10 h. 54 min. 16 sec. A. M. 

21. If the difference of time between New York and New 
Orleans be 1 h. 4 sec, what is the difference in longitude ? 

Ans. 15M'. 

22. Add § of a mile, ^ of a furlong, and |^ of a rod to- 
gether. Ans. 5 fur. 33 rd. 8 ft 3 in. 

23. li* a bushel of barley cost $.80, what will 20 bu. 3 pk. 
6qt. coLt? Ans. $16.75. 

24. What is the value of ^75 of a gross ? Ans. 10^ dos. 

25. How manj acres in a field 56^ rods long, and 246 
rods wide ? Ans. 8 A. 2 R. 29.9 P. 

26. How manj perches of masonrj in the wall of a cellar 
which is 20 feet square on the inside, 8 feet high, and 1^ feet 
in thickness ?. ^^^* 44.6+. 

27. A, ti, and C rent a ferm, and agree to work it upon 
shares ; they raise 640 bu. 3 pk. of grain, which they divide 
as follows : one fourth is given for the rent ; of the remainder 
A takes 13^ bu. more than one third, after which B takes one 
half of the remainder less 7 bushels, and C has what is left ; 
how much is C's share ? Ans. 161 bu. 3 pk. 6 qt. 

28. What is the value in Troy weight of liJ lb. 8 oz. 11.4 dr. 
avoirdupois weight ? Ans> 16 lb. 5 oz. 10 pwt 11.7 -f gr. 

29. If 154 bu. 1 pk. 6 qt cost $173.74, how much will 1.5 
bushels cost? Ans. $1,687+. 

30. What is the value of .0125 of a ton ? Ans. 25 lbs. 
81. What fraction of 3 bushels is ^^ o^ 2 bu. 3 pk. ? 

Ans. ^ftV 
32. How many wine gallons in a water tank 4 feet long, 
8;^ feet wide, and 1 ft. 8 in. deep ? Ans. 174^. 
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33. How manj bushels will a bin contain that is 7^ feet 
square, and 6 ft. 8 in. deep ? Ans, 301.339 -f- bu. 

34. How much must be pud for lathing and plastering 
overhead a room 36 feet long and 20 feet wide, at 26 cents a 
square yard ? 

35. How many shingles will it take to coyer the roof of a 
building 46 feet long, each of the two sides of the roof being 
20 feet wide, allowing each shingle to be 4 inches wide, and 
to lie 5 inches to the weather ? Ans. 13248. 

36. Jolm Young was bom at a quarter before 4 o'dock, A. 
M., Sept 4, 1836 ; what will be his age at half past 6 o'clock, 
P. M., April 20, 1864 ? Ans. 27 jr. 7 mo. 1 6 da. 14 h. 45 min. 

37. How many cubic yards of earth were removed in dig* 
ging a cellar 28 ft. 9' long, 22 ft. 8' wide, and 7 ft. 6' deep ? 

Ans. 181^^ cu. yd. 

38. What will 30 bu. 54 lb. of wheat cost, at $1.37^ per 
bushel? Ans. $42.4875. 

39. How many square yards of carpeting will it take to 
cover a floor 24 ft. 8' long and 18 ft. 6' wide ? Ans. 50^^. 

40. What is the cost of 54 bu. 8 lb. of barley, at 84 cents 
per bushel ? Ans. $45.50. 

41. What is the depth of a lot that has 120 feet front, and 
contains 18720 square feet ? 

42. How many steps of 30 inches each must a person 
take in walking 21 miles ? 

43. How long will it require one of the heavenly bodies to 
move through a quadrant, if it move at the rate of 3' 12'' 
per minute ? Ans. 1 da. 4 h. 7 min. 30 sec 

44. How many times will a wheel, 9 ft. 2 in. in circum- 
ference, turn round in going 65 miles ? 

45. If a man buy 10 bushels of chestnuts, at $5.00 per 
bushel, dry measure, and sell the same at 22 cents per quart, 
liquid measure, how much is his gain? Ans. $31.92. 

46. What will it cost to build a wall 240 feet long, 6 feet 
high, and 3 feet thick, at $3.25 per 1000 bricks, each brick 
being 8 inches long, 4 inches wide, and 2 inches thick ? 
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331. Per Cfflit is a term derived from the Latin words per 
centum, and signifies hy the hundred, or hundredths, that is, ^cer- 
tain number of parts of each one hundred parts, of whatever de- 
nomination. Thus, by 5 per cent, is meant 5 cents of every 100 
cents, $5 of every $100, 5 bushels of every 100 bushels, &c 
Therefore, 5 per cent, equals 5 hundredths = .05 = y^^ = ^. 
8 per cent, equals 8 hundredths = .08 = yf ^r = ^7« 

333« Percentage is such a part of a number as is indi- 
cated by the per cent. 

333« The Base of percentage is the number on which 
the percentage is computed. 

33^4 • Since per cent, is any number of hundredths, it is 
usually expressed in the form of a decimal; but it may be 
expressed either as a decimal or a common fraction, as in the 
following 



TABLE. 





Decimals. 


Gomn 


ion Fractloi 


08. U 


>we8t Temif. 


1 per cent 


= 


.01 


= 


T*T 


== 


TW 


2 per cent. 


« 


.02 


II 


ifj^ 


II 


■^ 


4 per cent. 


(( 


.04 


II 


Th 


II 


A 


5 per cent 


« 


.05 


ii 


T*T 


tt 


A 


6 per cent. 


« 


.06 


tt 


TTT 


tt 


^ 


7 per cent 


<( 


.07 


II 


tfir 


tt 


To(f 


8 per cent 


u 


.08 


II 


ih 


tt 


A 


10 per cent 


« 


.10 


«i 




tt 


tV 


16 per cent 


(f 


.16 


II 


ToTT 


tt 


^ 


20 per cent 


^i< 


.20 


tt 


m 


tt 


i 


25 per cent 


i< 


.25 


tt 


T% 


tt 


i 


50 per cent. 


i( 


.50 


tt 


T% 


tt 


i 


100 per cent 


« 


1.00 


tt 


m 


tt 


1 


125 per cent 


« 


1.25 


tt 


m 


tt 


* 


\ per cent. 


II 


.005 


tt 


Tifer 


tt 


"JToTT 


1 per cent 


II 


.0075 


tt 


loVoff 


tt 


^ 


Vl\ per cent 


ii 


.125 


tt 


iWV 


tt 


i 


16^ per cent 


II 


.1625 


tt 


WWV 


tt 


a 



"What is meant by per cent. ? From what is the term derived ? 
What is percentage ? What is the base of ^«TC«».\a%<^\ '^^-^ Ss^. 'sjKt 
o»)t expressed? 
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EXAMPLES FOB PRACTICE. 

1. Express decimally 3 per cent. ; 6 per cent. ; 9 per cent. ; 
14 per cent. ; 24 per cent. ; 40 per cent ; 112J[- per cent ; 150 
per cent 

2. Express decimally 6^ per cent ; 8f per cent ; 33 J per 
cent ; 7^ per cent ; lOf per cent ; 9f per cent ; 103^ per 
cent ; 225 per cent. 

3. Express decimally J per cent ; f per cent ; f per cent.; 
I per cent ; | per cent ; 1^ per cent. ; 2| per cent ; 4^ per 
cent; 5f per cent; 7^ per cent; 12 J per cent; 25 f per 
cent. 

4. Express in the form of common fractions, in their lowest 
terms, 6 per cent ; 8 per cent. ; 12 per cent ; 14J per cent ; 
18g per cent ; 21 1 per cent ; 31^ per cent ; 37 J per cent ; 
40f per cent ; 112 per cent ; 225 per cent 

CASE I. 

335. To find the percentage of any number. 

1. A man, having $125, lost 4 per cent of it ; how many 
dollars did he lose ? 

OPERATION. 

$125 Analysis. Since 4 per cent is yfc^ '^t ^® 1°** 

04 .04 of $125, or $125 X .04 = $5. Or, 4 per cent 

'- is T^TT = *lff, and T<t of $125 = $5. Hence the 

$5.00 ^^ 

Rule. Multiply the given number or qtumtity hy the rate 
per cent, expressed dectmaUi/, and point off cu in decimals. Or 

Take such a part of the given number as the number ex- 
pressing the rate is part of 100. 

EXAMPLES FOR PRACTICE. 

2. What is 6 per cent of $320 ? Ans. $19.20. 

3. What is 8 per cent of $327.25 ? Ans. $26.18. 

Case 1 18 what } Oiye explanation. Rule. 
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4. What is 7^ per cent, of $56.75 ? Ans. $4.11^. 

5. What is 12^ per cent, of 2450 pounds ? 

An3. 306.25 pounds. 

6. What is 6J per cent, of 19072 bushels ? 

Ans. 1287.36 bushels. 

7. What is 33^ per cent, of 846 gallons ? 

An3, 282 gallons. 

8. What is 9| per cent, of 275 miles? Ans. 26.95 miles. 

9. What is 14 per cent of 450 sheep ? 

10. What is 50 per cent, of 1240 men ? 

11. What is 105 per cent of $5760? Ans. $6048. 

12. What is.l75 per cent of $12967 ? 

13. What is 25 per cent of J ? 

25 per cent equals ^ = J, and ^ X i = A» ^^* 

14. What is 15 per cent of f ? Ans. ^. 

15. What is 2 J per cent of 6| ? Ans. f 

16. What is 33^ per cent of T»^? Ans. ^. 

17. What is 84 per cent of 7^? Ans. 6^. 

18. Find f per cent of $40.80 Ans. $.306. 

19. Find If per cent of $15.60 Ans. $.26. 

20. A farmer, having 760 sheep, kept 25 per cent of them, 
^nd sold the remainder ; how many did he sell ? 

21. A man has a capital of $24500; he invests 18 per 
cent of it in bank stock, 30 per cent, of it in railroad stocks, 
and the remainder in bonds and mortgages ; how much does 
he invest in bonds and mortgages ? Ans. $12740. 

22. A speculator bought 1576 barrels of apples, and upon 
opening them he found 12j^ per cent of them spoiled; how 
many barrels did he lose ? 

23. Two men engaged in trade, each with $2760. One of 
them gained 33^ per cent of his capital, and the other gained 
75 per cent ; how much more did the one gain than the other ? 

Ans. $1150. 

24. A man, owning ^ of an iron foundery, sold 35 per cent 
of his share ; what part of the whole did he sell, and what 
part did he still own ? Ans. He still owned W 
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25. A owed B $575.40 ; he paid at one time 40 per cent 
of the debt ; afterward he paid 25 per cent, of the remainder ; 
and at another time 12^ per cent, of what he owed after the 
second payment ; how much of the debt did he still owe ? 

Ans. $226,563. 

CASE n. 

236. To find what per cent, one number is of an- 
other. 

1. A man, having $125, lost $5; what per cent, of his 
money did he lose ? 

OPERATION. Analysis. We multi-r 

5 -1- 125 = .04 = 4 per cent ply the base by the rate 

Qj. per cent to obtain the 

rf^ = jV = .04 L 4 per cent. P«'«»t««e (98«) ; con- 
*^^ '^^ '^ versely, we divide the per- 

centage by the base to obtain the rate per cent. Or, since $125 is 
100 per cent, of his money, $5 is yJt» equal to -^ of 100 per cent, 
which is 4 per cent. Hence the 

Rule. Divide the percentage hy the base, and the quotient 
will he the rate per cent, expressed decimaUy. Or, 

Take such a part of 100 as the percentage is part of the 
base, 

EXAMPLES FOR PRACTICE. 

2. What per cent, of $450 is $90 ? Ans, 20. 

3. What per cent, of $1400 is $175? . Ans. 12j.. 

4. What per cent, of $750 is $165 ? 

5. What per cent, of $240 is $13.20? Ans. 5^. 

6. What per cent of $2 is 15 cents ? 

7. What per cent of 6 bushels 1 peck is 4 bushels 2 pecks 
6 quarts ? Ans. 75 per cent 

8. What per cent of 1 5 pounds is 5 pounds 10 ounces 
avoirdupois weight ? Ans. 37 J per cent 

9. What per cent of 250 head of cattle is 40 head ? 

Case n is what ? Give explanation. Rule. 
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10. From a hogshead of sugar containing 760 pounds, 100 
pounds were sold at one time, and 90 pounds at another; what 
per cent, of the whole was sold ? 

11. A man, having 600 acres of land, sold ^ of it at one 
time, and ^ of the remainder at another time ; what per cent, 
remained unsold ? Ans. 50 per cent. 

CASE III. 

337. To find a number when a certain per cent, of 
it is given. 

1. A man lost $5, which was 4 per cent of all the money 
he had ; how much had he at first ? 

' OPERATION. Analysis. We are here required to 

$5 -i- .04 =z $125. find the base, of which $5 is the per- 

Or, centage. Now, percentage equals base 

* X 100 = $125. multiplied by the rate per cent ; con- 

* * versely, base equals percentage divided 
by rate per cent Or, $5 is 4 per cent of all he had ; \ of $5, or |, 
equals 1 per cent of all he had, and 100 times | equals 100 per 
cent., or ail he had. Hence the 

Rule. Divide the percentage hy the rate per cent,, ex- 
pressed decimally, and the quotient will he the base, or number 
required. Or, 

Take as many times 100 as the percentage is times the rate 
per cent. 

EXAMPLES FOR PRACTICE. 

2. 16 is 8 per cent of what number? Ans. 200. 

3. 42 is 7 per cent, of what number ? 

4. 75 is 12 J per cent of what number ? Ans. 600. 

5. 33 is 2f per cent of what number ? Ans. 1200. 

6. $281.25 is 37J- per cent, of what sum of money ? 

Ans. $750. 

7. A farmer sold 50 sheep, which was 20 per cent, of his 
whole flock ; how many sheep had he at first ? 

Case m is what ? Give explanation. Kule« 
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8. I loaned a man a certain sum of monej ; at one time 
be paid me $59.75, which was 12^ per cent, of the whole sum 
loaned to him ; how much did I loan him? 

9. A merchant invested $975 in drj goods, which was 15 
per cent of his entire capital ; what was the amount of his 
capital? Am. $6500. 

10. If a man, owning 40 per cent, of an iron foundery, sell 
25 per cent, of his share for $1246.50, what is the value <^ 
the whole foundery ? Jns. $12465. 

11. A merchant pays $75 a month for clerk hire, which is 
25 per cent of his entire profits ; how much are his profits for 
one year, afler paying his clerk hire ? Ans. $2700. 

12. A produce buyer, having a quantity of com, bought 
2000 bushels more, and he found that this purchase was 40 
per cent of his whole stock ; how much had he before he 
bought this last lot ? Aru. 3000 bushels. 

COMMISSION AND BROKERAGE. 

238. An Agent, Factor, or Broker, is a person who trans- 
acts business for another, or buys and sells money, stocks, 
notes, &c 

339* Commissioil is the percentage, or compensation 
allowed an* agent, factor, or commission merchant, for buying 
and selling goods or produce, collecting money, and transact- 
ing other business. 

34:0. Brokerage is the fee, or allowance paid to a broker 
or dealer in money, stocks, or bills of exchange, for making 
exchanges of money, buying and selling stocks, negotiating 
bills of exchange, or transacting other like business. 

Note. The rates of commission and brokerage are not regulated by 
law, but are usually reckoned at a certain per cent upon the money 
employed in the transaction. 

Define an agent, fitctor, or broker. What is meani by commission ? 
Brokerage? 
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CASE I. 

341* To find the commission or brokerage on any 
sum of money. 

1. A commission merchant sells butter and cheese to the 
amount of $1540 ; what is his commission at 5 per cent. ? 

OPERATION. Analysis. 

1540 X .05 == $77, Ans. Since the com- 

Or, T^T = 2V > and g^ X 1540 = $77. mission on $1 is 

5 cents or .05 of 
a dollar, on $1540 it is $1540 X .05zz:$77. Or, since 5 per cent 
is Y^ == ^ of the sum received, the commission is -^ of $1540 
=i$77. Hence the 

Rule. Multiply the given sum hy the rate per cent. eX" 
pressed decimally, and the result will be the commission or brO' 
kerage. Or, 

Take such a part of the given sum as the number expressing 
the per cent, is part of 100. 

EXAMPLES FOR PRACTICE. 

2. A commission merchant sells goods to the amount of 
$6756 ; what is his commission at 2 per cent. ? Ans. $135.12. 

3. What commission must be paid for collecting. $17380, 
at 3 j^ per cent. ? Ans. $608.30. 

4. An agent in Chicago purchased 4700 bushels of wheat, 
at 75 cents a bushel ; what was his commission at 1^ per cent, 
on the purchase money ? 

5. A broker in New York exchanged $25875 on the Suf- 
folk Bank, Boston, at ^ per cent. ; how much brokerage did 
he receive ? Ans. $64.6875. 

6. An auctioneer sold at auction a house for $3284, and 
the furniture for $2176.50 ; what did his fees amount to at 
2^ per cent. ? 

7. A broker negotiates a bill of exchange of $2890 for | 
per cent, commission ; how much is his brokerage ? 

Ans. $23.12. 

Case I is what } GWe expVaxva.li'axi* "Bjo^ft. 
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8. An agent buys for a manufacturing company 26750 
pounds of wool, at 32 cents a pound, and receives a commis- 
sion of 2f per cent. ; what amount does he receive ? 

Ans. $235.40. 
^ 9. If I sell 400 bales of cotton, each weighing 570 pounds, 
at 9 cents a pound, and receive a commission of 2^ per cent., 
how much do I make by the transaction ? Ans, $461.70. 

10. A commission merchant in New Orleans sells 450 bar- 
rels of flour at $7.60 a barrel ; 38 firkins of butter, each con- 
taining 56 pounds, at 25 cents a pound ; and 105 cheeses, each 
weighing 48 pounds, at 9 cents a pound ; how much is his 
commission for selling, at 5^ per cent. ? Ans, $242,308. 

11. A lawyer collected a note of $950, and charged 6^ per 
cent, commission ; what was his fee, and what the sum to be 
remitted? Ans. Fee, $61.75; remitted, $888.25. 

12. An insurance agent's fees are 6 per cent, on all sums 
received for the company, and 4 per cent, additional on all 
sums remaining, at the end of the year, after the losses are 
paid ; he receives, during the year, $30456.50, and pays losses 
to the amount of $19814.15; how much commission does he 
receive during the year ? Ans. $2253.084. 

CASE n. 

S43. To find the commission or brokerage, when 
it is to be deducted from the given sum, and the bal- 
ance invested. 

1. A merchant sends his agent $1260 with which to buy 
merchandise, after deducting his commission of 5 per cent ; 
what is the sum invested, and how much is the commission ? 

OPERATION. [ 

$1260 -4- 1.05 = $1200, invested. , \ 

$1260 — $1200 = $60, commission. 

Or, iU + T#I7 = f* ; $1260 -7- f* = $1200, mrerted; 

And $1260 $1200 = $60, commisflion. 

Case II is what ? Give explanation. Bole. 
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Analysis. Since the commission is 5 per cent., the agent must 
receive $1.05 for every $1 he expends ; he can invest as many 
dollars as $1.05 is contained times in $1260, which is $1200; and 
the difference between the given sum and the sum invested is his 
commission. 

Or, the money expended is \^ of itself, the commission is ^^ of 
this sum, and the commission added to the sum expended is \^ of 
the whole sum. Since $1260 ia W = M»*1260 -7- tt = $1200, 
the sum expended; and $1260 — $1200 =$60 the commission. 
Hence the 

Rule. T. Divide the given amount hy 1 increased hy the rate 
per cent, of commission^ and the quotient is the sum invested, 

II. SuUract the investment from the given amount, and the 
remainder is the commission. 

EXAMPLES FOR PRACTICE. 

2. A man sends $3246.20 to his agent in Boston, request- 
ing him to lay it out in shoes, after deducting his commission 
of 2 per cent; how much is his commission? Ans, $63.65. 

'' 3. What amount of stock can be bought for $9682, and al- 
low 3 per cent, brokerage ? Ans. $9400. 

'^ 4. A flour merchant sent $10246.50 to his agent at Chica- 
go, to invest in flour, after deducting his commission of 3^ 
per cent. ; how many barrels of flour could he buy at $5.50 
per barrel? Ans. 1800 barrels. 

* 5. An agent receives a remittance of $4908, with which to 
purchase grain, at a commission of 4J per cent. ; what will be 
the amount of the purchase ? 

6. Remitted $603.75 to my agent in New York, for the pur- 
chase of merchandise, agent's commission being 5 per cent. ; 
what amount of broadcloth at $5 per yard should I receive ? 

A71S, 115 yds. 

7. A commission merchant receives $9376.158, with or- 
ders to purchase grain ; his commission is 3 per cent., and he 
charges 1^ per cent, additional for guaranteeing its delivery at 
a specified time ; how much will he pay out, and what are 
his fees ? Ans. Fees, $403,758. 
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8. A real estate broker, whose stated commission is If 
per cent., receives $13842.07, to be used in the purchase of 
city lots ; how much does he invest, and what is his commis- 
sion ? Ans. $13604 invested ; $238.07 commission. 

9. A broker received $10650, to be invested in stocks after 
deducting j- per cent for brokerage ; what amount of stock 
did he purchase ? 

^STOCKS. 

343. A Corporation is a body authorized by a genera) 
law, or by a special charter, to transact business as a singU 
individual. 

34:4: • A Charter is the legal act of incorporation, and de- 
fines the powers and obligations of the incorporated body. 

3<4«l« A Firm is the name under which an unincorporated 
company transacts business. 

346. Capital or Stock is the property or labor of an indL 
vidual, corporation, company, or firm; it receives difFerenC 
names, as Bank Stock, Railroad Stock, Government Stock, &c. 

347. A Share is one of the equal parts into which tho^ 
stock is divided. 

348* Stockholders are the owners of the shares. 

349. The Nominal or Far Talne of stock is its first cost, 
or original valuation. 

Note. The original value of a share varies in different companies. 
A share of bank, insurance, raibroad, or like stock is usually $100. 

350. Stock is At Far when it sells for its first cost, or 
original vakiation ; 

3tM« Above Far, at a premium, or in advance, when it 
sells for more than its original cost; and 

3S3« Below Far, or at a discount, when it sells for less 
than its original cost. 

Define a corporation. A charter. A firm. Capital or stock. Shares. 
Sftockholders. Par value. At par. Above par. Below par. 
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StS3. The Market or Beat Value of stock is what it wiH 
bring per share in money. 

Stl4:« A Dividend is a sum paid to stockholders from the 
profits of the business of the company. 

fiSS* An Assessment is a sum required of stockholders to 
meet the losses or expenses of the business of the company. 

3tl6« Premium or advance, and discount on stock, divi- 
dends, and assessments, are computed at a certain per cent, 
upon the original value of the shares of the stock. 

CASE I. 

397. To find the value of stock when at an ad- 
vance, or at a discount. 

1. What will $3240 of bank stock cost, at 8 per cent ad- 
vance? 

OPERATION. Analysis. Since 

$1 -f- .08 z= $1.08 $1 of the stock at 

$3240 X $1.08 = $3499.20, Ans. V^ ^^lue will cost 

,4 $lplus the premi- 

um, or $1.08, $3240 of the same stock will cost 3240 X $1.08 z= 
$3499.20. K the stock were 8 per cent bdow par, $1 minus the 
discount, or $1.00 — $.08 = $.92, would show what $1 of the stock 
would cost Hence the 

Rule. Multiply the par value of the stock hy the number 

indicating the price of %1 of the same stocky and the product 

will he the real value. 

Note. In aU examples relating to stocks, $100 is considered tht 
par yalue of a share of stock, imless otherwise stated. 

EXAMPLES FOR PRACTICE. 

2. If the Stock of an insurance company sell at 5 per cent 
below par, what will $1200 of the stock cost? Ans. $1140. 

3. What is the market value of 35 shares of New York 
Central Railroad stock, at 15 per cent, below par ? 

Market value. A dividend. An assessment. Case I is what? Give 
explanation. Bule. 
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4. What must be paid for 48 shares of Panama Railroad 
stock, at a premium of 5^ per cent., if the par value be $150 
per share ? Ans. $7596. 

5. What costs $5364 stock ia the Minnesota copper mines, 
at 9 per cent, above par ? 

6. A man purchased $6275 stock in the Pennsylvania Coal 
Company, and sold the same at a discount of 12 per cent.; 
what was his loss ? Ans. $753. 

7. What must be paid for 125 shares of United States 
stock, at 4f per cent, premium, the par value being $1000 per 
share? Ans. $130937.50. 

8. Bought 42 shares of Illinois Central Railroad stock, at 
14 per cent, discount, and sold the same at an advance of 12 J 
per cent. ; how much did I gain ? Ans. $1113. 

9. What is the market value of 175 shares of stock in the 
Suffolk Bank, at f per cent, advance ? Ans. $17631.25. 

10. Bought 75 shares of stock in the Bank of New Orleans, 
of $50 each, at 3 per cent, discount, and sold it at 2^ per cent 
advance ; what was my gain ? Ans. $196,875. 

11. B exchanged 28 shares of bank stock, of $50 each, 
worth 7 per cent premium, for 25 shares of railroad stock, of 
$100 each, at 12^ per cent, discount, and paid the difference 
in cash ; how much cash did he pay ? Ans. $689.50. 

CASE II. 

958. To find how much stock may be purchased for 
a given sum. 

1. How many shares of bank stock, at 3 per cent advance, 
may be bought for $5150? 

OPERATION. Analysis. Since the stock 

$5150 -r- 1.03 = $5000 = is at 3 per cent advance, $1 

50 shares Ans, ^^ stock at par will cost $1.03; 

and if we divide $5150, the 

whole sum to be expended, by $1.03, the cost of $1 of stock, the 

quotient must be the amount of stock purchased. Hence the 

Case n is what ? Give explanation. 
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Rule, Divide the given sum by the cost of $1 of stocky 
and the qicotient will be the nominal amount of stock purchased. 

2. How many shares of railroad stock, at 5 per cent, ad- 
vance, can be purchased for $6300 ? Ans, 60 shares. 

3. I invested $6187.50, in Ocean Telegraph stock, at 10 
per cent, discount ; how much stock did I purchase ? 

Ans. $6875. 
^ 4. I sent my agent $53500 to be invested in Illinois Cen- 
tral Railroad stock, which sold at 7 per cent, advance ; what 
amount did he purchase ? Ans. $50000. 

-- 5. Sold 50 shares of stock in a Pittsburg ferry company, 
at 8 per cent, discount, and received $1150; what is the par 
value of 1 share ? Ans. $25. 

PROFIT AND LOSS. 

959. Profit and Loss are commercial terms, used to ex- 
press the gain or loss in business transactions, which is usually 
reckoned at a certain per cent on the prime or first cost of 
articles. 

CASE I. 

360. To find the amount of profit or loss, when the 
cost and the gain or loss per cent, are given. 

1. A man bought a horse for $135, and afterward sold him 
for 20 per cent, more than he gave ; how much did he gain ? 
OPERATION. Analysis. Since $1 

$135 X .20z= $27, Ans. ^^ins 20 cents, or 20 per 

Or. ^% = i ; $135 X i = $27. ^f ,%:'^oSf/^0 
per cent, equals -^ = ^, the whole gain will be ^ of the cost. 
Ilence the followiug 

Rule. Multiply the cost by the rate per cent, expressed 
decimally. Or, 

Take such part of the cost as the rate per cent, is part of 100. 



Kule. What is meant by profit and loss ? Case I is what ? Give ^ 

eaqilanation. Htde. V 
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EXAMPLES FOB PRACTICE. 

2. A grocer bought a hogshead of sugar for $84.80, and sold 
it at 12^ per cent profit; what was his gain ? 

3. A miller bought 500 bushels of wheat at $1.15 a bushel, 
and he sold the flour at 16§ per cent, advance on the cost of 
the wheat; what was his gain? Ans. $95.83^. 

^ 4. Bought 76 cords of wood at $3. 62 J a cord, and sold it 
•o as to gain 26 per cent. ; what did I make ? 

5. A hatter bought 40 hats at $1.75 apiece, and sold them 
at a loss of 14^ per cent. ; what was his whole loss ? 

6. A grocer bought 3 barrels of sugar, each containing 230 
pounds, at 8^ cents a pound, and sold it at 18^ per cent, profit ; 
what was his whole gain, and what the selling price per pound ? 

Ans. Whole gain, $10.35 ; price per pound, 9f cents. 

7. A sloop, freighted with 3840 bushels of corn, encoun- 
tered a storm, when it was found necessary to throw 37^ per 
cent of her cargo overboard ; what was the loss, at 62^ cents 
a bushel ? Ans. $900 loss. 

8. A gentleman bought a store and contents for $4720 ; he 
sold the same for 12^ per cent, less than he gave, and then 
lost 15 per cent of the selling price in bad debts ; what was his 
entire loss ? Ans. $1 209.50. 

9. A man commenced business with $3000 capital ; the 
first year he gained 22j^ per cent, which he added to his capi- 
tal ; the second year he gained 30 per cent on the whole sum, 
which gain he also put into his business ; the third year he 
lost 16f per cent of his entire capital; how much did he make 
in the 3 years ? Ans. $981.25. 

CASE II. 

261. To find the gain or loss per cent., when the 
cost and selling price are given. 

1. Bought wool at 32 cents a pound, and sold it for 40 cents 
a pound ; what per cent was gained ? 

Case n is what ? Givo •xpluiation. Rule. 
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OPERATION. 

40 — 32 = 8 ; 8 -^ 32 = ^ = .25, Ans. 
Or, 40 — 32 = 8; 8 -^ 32 =: ^2- = i; i X 100 = 25 per cent. 

Analysis. Since the gain on 32 cents is 40 — 32 zz: 8 cents, the 
■whole gain is ^ = ^ of the purchase money ; and \ reduced to a 
decimal is 25 hundredthSf equal to 25 per cent. Or, if' the gain were 
equal to the purchase money, it would be 100 per cent. ; but since 
the gain is^^ = J of the purchase money, it will be ^ of 100 per 
cent, equal to 25 per cent. Hence the following 

Rule. Make the difference between the purchase and selling 
prices the numerator, and the purchase price the denominator ; 
reduce to a decimal, and the result will be the per cent. Or, 

Take such a part of MB cts the gain or loss is part of the 
purchase price. 

EXAMPLES FOR PRACTICE. 

2. A man bought a pair of horses for $275, and sold them 
for $330 ; what per cent did he gain ? Ans. 20 per cent 

3. If a merchant buy cloth at $.60 a yard, and sell it for 
$.75 a yard, what does he gain per cent ? ^ 

4. A speculator bought 108 bai-rels of flour at $4.62^ a 
barrel, and sold it so as to gain $114.88^^; what per cent 
profit did he make? Ans. 23 per cent. 

5. Bought sugar at 8 cents a pound, and sold it for 9 J- cents 
a pound ; what per cent was gained ? 

6. A drover bought 150 head of cattle for $42 per head, 
and sold them for $5400 ; what was his loss per cent. ? 

Ans. 14f per cent. 

7. If I sell for $15 what cost me $25, what do I lose per 
cent ? Ans. 40 per cent. 

8. Bought paper at $2 per ream, and sold it at 25 cents 
a quire ;^ what was the gain per cent ? Ans. 150 per cent 

9. If I sell j- of an article for J of its cost, what is gained 
per cent. ? Ans. 50 per cent 

10. If ^ of an article be sold for what ^ of it cost, what ia 
the loss per cent ? Mis. 87^ ^er c«c^C 



X 
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11. If I sell 3 pecks of clover-seed for what one bushel 
cost rae, what per cent, do I gain ? Ans. 33^ per cent. 

12. A, having a debt against B, agreed to take $.87 J^ on 
the dollar ; what per cent, did A lose ? 

13. A grocer bought 7 cwt. 20 lb. of sugar, at 7 cents a 
pound, and sold 3 cwt. 42 lb. at 8 cents, and the remainder at 
8^ cents; w^hat was his gain percent.? Ans. 18^^ percent 

14. Bought 2 hogsheads of wine, at $1.25 a gallon, and 
sold the same at $1.60 ; what was the whole gain, and what 
the gain per cent. ? Ans. Gain 28 per cent. 

15. A grain dealer bought corn at $.55 a bushel and sold 
it at $.66, and wheat for $1.10, and sold it for $1.37^; upon 
which did he make the greater per cent. ? 

Ans. 5 per cent, upon the wheat 

CASE III. 

363. To find the selling price, when the cost and 
the gain or loss per cent, are given. 

1. Bought a horse for $136 ; for how much must he be sold 
to gain 25 per cent ? 

OPERATION. Analysis. Since $1 of cost 

$1 + -25 = $1.25. sells for $1.25, $136 of cost will 

$1.25 X 136 = $170, Ans. ^eU for 136 times $1.25, which 

Or 1 ofiL -I- 2h — 125 — 5 equals $170, the selUng price. 

$136 X * = $1/0, Ans. ^^ ^^^ ^^ ,^^ sellinrprice 

will be i^ = f of the cost, or 
f of $136 z= $170. If the horse had been sold at a loss of 25 per 
cent., then $1 of cost would have sold for $1 minus .25, or $.75, 
&c. Hence, 

Rule. Multiply $1 increased hy the gain or diminished hy 
the loss per cent, hy the number denoting the cost. Or,- 

Take such a part of the cost as is equal to \^ increased or 
diminished hy the gain or loss per cent. 

Case jn if what } Qiye €BcplBnatio&. Bule. 
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EXAMPLES FOR PRACTICE. 

2. If 12^ hundred weight of sugar cost $140, how must 
it be sold per pound to gain 25 per cent.? Ans. 14 cents. 

3. Bought a hogshead of molasses for 30 cents a gallon, 
and paid 16§ per cent, on the prime cost, for freight and cart- 
age ; how much must it sell for, per gallon, to gain 33J per 
cent, on the whole cost ? Ans, $.46§. 

4. For what price must I sell coffee that cost 10^ cents a 
pound, to gain 17^ per cent.? 

5. If I am compelled to sell damaged goods at a loss of 15 
per cent., how should I mark goods that cost me $.62^? 
$1.20? $3.87^? Ans. $.53^; $1.02; $3.29g. 

6. A man, wishing to raise some money, offers his house 
and lot, which cost him $3240, for 18 per cent, less than cost ; 
what is the price ? 

7. C bought a farm of 120 acres, at $28 an acre, paid 
$480 for fencing, and then sold it for 12^ per cent, advance 
on the whole cost; what was his w^hole gain, and what did he 
receive an acre ? Ans. $480 gain ; $36 an acre. 

8. Bought a cask of brandy, containing 52 gallons, at 
$2.60 per gallon ; if 7 gallons leak out, how must the remain- 
der be sold per gallon, to gain 37 J per cent on the cost of the 
whole? Ans. $4.13f 

9. A merchant bought 15 pieces of broadcloth, each piece 
containing 23J yards, for $840, and sold it so as to gain 18J 
per cent. ; how much did he receive a yard ? 

CASE ly. 

363. To find the cost, when the selling price and 
the gain or loss per cent, are given. 

1. A merchant sold cloth for $4.80 a yard, and by so doing 
made 33^ per cent. ; how much did it cost ? 

OPERATION. 

1 + .331 = 1.33^ ; $4.80 ~ 1.33^ = $3.60, Ans. 
Or, $4.80 = ^ of the cost ; $4.80 -r- ^ = $3.60. 

Case TV \s ^YiaX^ 
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Analysis. Since the gain is 33^ per cent, of the cost, $1 of the 
cost, increased by 33^ per cent., \i-ill be what $1 of cost sold for : 
therefore there will be as many dollars of cost, as 1.33J is con- 
tained times in $4.80, or $3.60. Or, since he gained 33J per cent 
= J of the cost, $4.80 is f of the cost ; $4.80 -M = $3.60. 

Note. If the rate per cent, be loss, we subtract it from 1, instead 
of adding it. Hence the foilowiiig 

Rule. Divide the selling price by 1 increased by the gain 
or diminished by the lass per cent^ expressed decimally^ or in 
the form of a common fraction^ and the quotient will be the 
cost. 

EXAMPLES FOK PRACTICE. 

2. Bj selling sugar at 8 cents a pound, a merchant lost 20 
per cent ; what did the sugar cost him ? Ans, 10 cents. 

3. Sold flour for $6.12^ per barrel, and lost 12^ per cent ; 
what was the cost ? Atis. $7.00. 

4. A grocer, by selling tea at $.96 a pound, gains 28 per 
cent. ; how much did it cost him ? Ans. $.75. 

5. Sold a quantity of flour for $1881, which was 18f per 
cent more than it cost ; how much did it cost ? 

6. Sold 25 barrels of apples for $69.75, and made 24 per 
cent. ; how much did they cost per barrel ? 

7. Sold 9| cwt of sugar at $8^ per cwt, and thereby lost 
12 per cent j how much was the whole cost? 

8. Having used a carriage six month?, I sold it for $96, 
which was 20 per cent below cost ; what would I have received 
had I sold it for 15 per cent, above cost? Ans, $138. 

9. B sells a pair of horses to C, and gains 12^ per cent. ; 
C sells them to D for $570, and by so doing gains 18 J per 
cent ; how much did the horses cost B ? Arts. $426.66§. 

10. A grocer sold 4 barrels of sugar for $24 each ; on 2 
barrels he gained 20 per cent., and on the other 2 he lost 20 
per cent ; did he gain or lose on the whole ? Aiis. Lost $4. 

11. A person sold out his interest in business for $4900^ 
which was 40 per cent more than 3 times as much as he began 
with ; how much did he begin with ? Ans. $1166.66§. 

Give explanation. B.Miie. 
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364» Insnraiice on property is security guaranteed by 
one party to another, for a stipulated sum, against the loss of 
that property by fire, navigation, or any other casualty. 

S6tl. The Insurer or Underwriter is the party taking the 
risk. 

S66. The Insured is the party protected. 

267. The Policy is the written contract between the 
parties. 

S68. The Premixun is the sum paid by the insured to the 
insurer, and is estimated at a certain rate per cent, of the 
amount insured, which rate varies according to the degree of 
hazard, or class of risL 

Note. As a security against fraud, most insurance companies take 
risks at not more than two thirds the fiill value of the property 
insured. 

S69* To find the premium when the rate of insur- 
ance and the amount insured are given. 

1. What must I pay a.nnually for insuring my house to the 
amount of $3250, at H per cent premium ? 

OPERATION. Analysis. We 

$3250 X .01^ or .0125 = $40,625. multiply the amount 

Or, 1^ per ct = ^ *Ty = A 5 insured, $3250, by 

$3250 X^= $40.62^. ^^..^nd^eL^Jt: 

$40,625, is the premium. Or, the rate, 1^ per cent, is ^{^z=:<^ of 

the amount insured, and ^ of $3250 is $40.62^. Hence the 

Rule. Multiply the amount insured hy the rate per cent.^ 
and the product will be the premium. Or, 

Take such a part of the amount insured as the rate is part 
of 100. 

Define insurance. Insurer, or imderwriter. Policy. Premium. 
To what amount can property usually be insured ? Give analysis of 
example 1. Rule. 
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EXAMPLES FOR PRACTICE. 

2. What is the premium on a policy for $750, at 4 per 
cent.? Am. $30. 

3. What premium must be paid for $4572.80 insurance, at 
2^ per cent.? Ans. $114.32. 

4. A house and furniture, valued at $5700, are insured at 
1 j per cent. ; what is the premium ? Ans. $99.75. 

5. A vessel and cargo, valued at $28400, are insured at 3J. 
per cent. ; what is the premium ? Ans, $994. 

6. A woolen factory and contents, valued at $55800, are 
insured at 2^ per cent. ; if destroyed by fire, what would be 
the actual loss of the company ? Ans. $54237.60. 

7. What must be paid to insure a steamboat and cargo 
from Pittsburg to New Orleans, valued at $47500, at J of 1 
percent.? Ans. $356.25. 

8. A gentleman has a house, insured for $8000, and the fur- 
niture for $4000, at 2f per cent.; what premium must he 
pay? Ans. $285. 

9. A cargo of 4000 bushels of wheat, worth $1.20 a bushel, 
is insured at |^ of 1 J per cent, on § of its value ; if the cargo be 
lost, how much will the owner of the wheat lose ? Ans. $1 636. 

10. What will it cost to insure a factoiy valued at $21000, 
at ^ per cent.; and the machinery valued at $15400, at | per 
cent.? Ans. $264.25. 

TAXES. 

370. A Tax is a sum of money assessed on the person 
or property of an individual, for public purposes. 

371* When a tax is assessed on propeHy^ it is apportioned 
at a certain per cent, on the estimated value. 

When assessed on the person, it is apportioned equally 
among the male citizens liable to assessment, and is called a 
poll tax. Each person so assessed is called a poll. 

What is a tax ? How is a tax on property apportioned ? On the 
person, how} 
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373« Property is of two kinds — real estate, and personal 
property. 

373. Eeal Estate consists of immovable property, such 
as lands, houses, &c. 

S74. Personal Property consists of movaUe property, 
such as money, notes, furniture, cattle, tools, &c. 

fS7Sm An Inventory is a written list of articles of proper- 
ty, with their value. 

376 • Before taxes are assessed, a complete inventory of all 
the taxable property upon which the tax is to be levied must 
be made. If the assessment include a poll tax, then a complete 
list of taxable polls must also be made out. 

I. A tax of $3165 is to be assessed on a certain town; 
the valuation of the taxable property, as shown by the as- 
sessment roll, is $600,000, and there are 220 polls to be as- 
sessed 75 cents each ; what will be the tax on a dollar, and 
how much will be A*s tax, whose property is valued aJt $3750, 
and who pays for 3 polls? 

OPERATION. 

$.75 X 220 = $165, amount assessed on the polls. 

$3165 — $165 =1 $3000, amount to be assessed on the property. 

$3000 -7- $600,000 = .005, tax on $1. 

$3750 X .005 = $18.75, A*s tax on property. 

$.75 X 3 = $2.25, A's tax on 3 polls. 

$18.75 + $2.25 =z $21, amount of Aa tax. 

Hence the following 

Rule. I. Find the amount of poll tax, if any , and subtract 
this sum from the whole amount of tax to be assessed. 

II. Divide the sum to be raised on property, by the whole 
amount of taxaUe property, and the quotient will be the per 
cent.y or the tax on one dollar. 

III. Multiply each man's taxable property by the per cent., 
or the tax on $1, and to the product add his poll tax, if any ; 
the result will be the whole amount of his tax. 

What i3 real estate ? Personal property ? An inventory ? Explain 
the process of levying a state or other tax. Rule* 
10» 
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Note. Having found the tax on $1, or the per cent., which in the 
preceding example we find to be o milb, or ^ per cent., the operation 
at asaessdng taxes may be greatly facilitated by finding the tax on $2, 
$3, &c., to $10, and then on $20, $30, &c., to $100, and azianging 
the numbers as in the fbUo^ing 



TABLE, 



Prop. 


Tax. .' 


Prop. 


Twu 


' Propw 


Tluc II Pkop. 


1^ 


$lgiTe* 


$.005 


$10 


$.05 


$100 


$ .50 ' $1000 


$5.00 


2 " 


.01 


20 


.10 


! 200 


1.00 2000 


10. 


3 •• 


.015 


30 


.15 


300 


1.50 -' 3000 


15. 


4 " 


.02 1 


40 


.20 


400 


2.00 :• 4000 


20. 


6 " 


.025 , 


50 


.25 


500 


2.50 ; 5000 


25. 


6 " 


.03 


60 


.30 


600 


3.00 ;| 6000 


30. 


7 " 


.035 


70 


.35 


1 700 


3.50 ; 7000 


35. 


8 " 


.04 


80 


.40 


: 800 


4.00 Ij 8000 


40. 


9 " 


.045 


90 


.45 


; 900 


4.50 II 9000 


45. 



EXAMPLES FOB PRACTICE. 

2. AccordiDg to the conditions of the last example, how 
much would be a person's tax whose piopertj was assessed 
at $3845, and who paid for 2 polls ? 

Finding the amount from the table, 

The tax on $3000 is . , 

«' •* « 800 " 

•« « « 40 «• 

•* " ** 5 .... " 

•*•*•• 2 polls ** 



. . $15.00 

4.00 

.20 

.025 

1.50 



Total tax is $20,725 

3. How much would be Ws tax, who was assessed for 1 
poll, and on property valued at $5390 ? Ans. $27.70. 

4. A tax of $9190.50 is to be assessed on a certain village; 
the property is valued at $1400000, and there are 2981 polls, 
to be taxed 50 cents each ; what is the assessment on a dollar ? 
what is Cs tax, his property being assessed at $12450, and he 
paying for 2 polls ? Ans. $.005 J on $1 ; $69,474, Cs tax. 

5. What is the tax of a non-resident, having property in 
the same village valued at $5375 ? Ans. $29.5625. 



Explain the table and its \i8e. 
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6. A mining corporation, consisting of 30 persons, are 
taxed $4342.75 ; their property is assessed for $188000, and 
each poll is assessed 62^ cents ; what per cent is their tax, 
and how much must he pay whose share is assessed for $2500, 
and who pays for 1 poll ? Arts. 2-^ per cent ; $58,125. 

7. In a certain county, containing 25482 taxable inhab- 
itants, a tax of $103294.60 is assessed for town, county, and 
state purposes ; a part of this sum is raised by a tax of 30 
cents on each poll ; the entire valuation of property on the as- 
sessment roll is $38260000 ; what per cent is the tax, and how 

,much will a person's tax be who pays for 3 polls, and whose 
property is valued at $9470 ? Am, to last, $24,575. 

8. The number of polls in a certain school district is 225, 
and the taxable property $1246093.75 ; it is proposed to build 
a union school house at an expense of $10000; if the poll tax 
be $1.25 a poll, and the cost of collecting be 2 J per cent., what 
will be the tax on a dollar, and how much will be E's tax, who 
pays for 1 poll, and has property to the amount of $11500 ? 

Am. $.008, tax on $1 ; $93.25, E's tax. 

9. In a certain district the school was supported by a rate- 
bill ; the teacher's wages amounted to $200, the fuel and other 
expenses to $76.57 ; the public money received was $98, and 
the whole number of days' attendance was 3946 ; A sent 2 
pupils 118 days each; how much was bis rate-bill? Ana. $10.62 

CUSTOM HOUSE BUSINESS. 

St77. Duties, or Customs, are taxes levied on imported 
goods, for the support of government and the protection of home 
industry. 

St78. A Custom House is an office established by govern- 
pient for the transaction of business relating to duties. 

370* A Fort of Entry is a seaport tow^ having a cus- 
tom house. 

P«fiiie duties. A custom house. 
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380. Toimage is a tax levied upon a yessel, independent 
of its cargo, for the privilege of coming into a port of entry. 

281* Be venue is the inceme to government from duties 
and tonnage. 

Duties arc of two kinds -^ ad valorem and specific. 

S83« Ad Valorem Duty is a sum computed on the cost 
of goods in the country from which they were imported. 

383. Specific Duty is a sum computed on the weight or 
measure of goods, without regard to their cost. 

284. An Invoice is a bill of goods imported, showing 
the quantity and price of each kind. 

285. By the New Tariff Act, approved March 2,' 1857, 
all duties taken at the U. S. custom houses, are ad valorem. 

In collecting customs, it is the design of government to tax 
only so much of the merchandise as will be available to the 
importer in the market. The goods are weighed, measured, 
gauged, or imported, in order to ascertain the actual quantity 
and value received in port; and an allowance is made in every 
case of waste, loss, or damage. 

286. Tare is an allowance of the weight of the package 
or covering that contains the goods. It is ascertained by 
actually weighing one or more of the empty boxes, casks, or 
coverings. In common articles of importation, it is sometimes 
computed lit a certain per cent, previously ascertained by 
frequent trials. 

28 T. Leakage is an allowance on liquors imported in 
casks or barrels. 

288. Breakage is an allowance on liquors imported in 

bottles. 

Note. Actual leakage or breakage is allowed, there being no nxed 
or legal rate. 

289. Gross Weight or Value is the weight or value of 
the goods before any allowance has been made. 

290. Net Weight or Value is the weight or value after 
all allowances have been deducted. 



Define Tonnage. Revenue. Ad valorem duty. Specific duty. An 
invoice. Tare. Leakage. Breakage. Gross weight or Talue. Net 
weight or raiue. 
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Note. Draft is an allowance for the waste of certain articles, and 
is made only for statistical purposes ; it does not affect the amount of 
duty. The rates of this allowance are as follows: 

On 112 1b 1 lb. 

Aboye 112 lb. and not exceeding 224 lb., 2 lb. 

" 224 lb. " " " 836 lb., 3 lb. 

" 3361b. ** «» " 1120 1b., 4 1b. 

•« 11201b. «* " •* 20161b., 7 1b. 

" 2016 1b , 9 1b. 

1. What is the duty, at 24 per cent., on 50 gross of London 
ale, invoiced at $1.20 per dozen, 2i per cent, being allowed 
for breakage ? 

OPERATION. Analysis. We 

$1.20 X 12 X 60 = $720, gross value, first find the cost of 
$720 X .025 = $18, breakage. the ale, at the in- 

$720 — $18 = $702, net value. voice price, which is 

$702 X .24 = $168.48, duty. ^^^0. From this 

sum we deduct the 
allowance for breakage, $18, and compute the duty on the re- 
mainder. Eence the following 

Rule.. Deduct alhwances, if necessary y and compute the 
dutyy ai the given rate, on the net value. 

Note. — In the following examples, the legal rate of duty will b« 
given, according to the Tariff of 1851. 

EXAMPLES FOR PRACTICE. 

2. What is the duty at 19 per cent, on 224 yards of plaid 
silk, invoiced at $.95 per yard ? Ans. $40.43+. 

3. What is th^e duty at 24 per cent, on 50 barrels of sperm 
oil, each containing originally 31} gallons, invoiced at $.54 per 
gallon, allowing 2 per cent, for leakage? Ans. $200.03 + . 

4. What is the duty at 15 per cent, on 175 bags of Java 
coffee, each containing 115 lbs., valued at 15 cents per pound? 

Ans. $462.81J. 

5. John Jones imported from Havana 25 hhds. of W. I. 
molasses, which was invoiced at 36 cents per gallon ; allowing 
i per cent, for leakage; what was the duty at 24 per cent. ? 

Ans. $135,399+. 

Define draft Give analysis. Bule. 
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SIMPLE INTEREST. 

S91* Interest is a sum paid for the use of monej. 
S03« Frincipal is the sum for the use of which interest 
is paid. 

393. Bate per cent per annum is the sum per cent, paid 
for the use of $100 annually. 

Note. The rate per cent, is commonly expressed decimally, as hun- 
dredths (331). 

394. Amount is the sum of the principal and interest. 
29tS« Simple Interest is the sum paid for the use of the 

principal only, during the whole time of the loan or credit 

296. L^al Interest is the rate per cent, established bj 
law. It varies in different States, as follows : 

Alabama, 8 per cent 

Arkansas, 6 " 

Connecticut, 6 " 

Delaware, 6 ** 

Dist of Columbia, ... 6 " 

Florida, 8 « 

Georsia, 7 " 

Illinois, 6 ** 

Indiana, 6 " 

Iowa,... 7 " 

Kentucky, 6 " 

Louisiana, 5 ** 

Maine, 6 " 

Maryland, 6 " 

Massachusetts, 6 ** 

Michigan, 7 " 



li, 8 per cent 

Missouri,' 6 " « 

New Hampshire, ... .6 " " 

New Jersey, 6 *' " 

New York, ....7 " " 

North Carolina, 6 « " 

Ohio, 6 " *' 

Pennsylvania, 6 " " 

Rhode Island, 6 " " 

South Carolina, 7 " " 

Tennessee, 6 " ** 

Texas, 8 " " 

United States (debts), 6 « " 

Vermont, 6 " " 

Virginia, ...6 « ' " 

Wisconsin, 7 " " 



Note. When the rate per cent, is not specified, in accounts, notes, 
mortgages, contracts, &c., the legal rate is always understood. 

397. Usnry is illegal interest, or a greater per cent than 
the legal rate. 

CASE I. 

398. To find the interest on any sum, at any rate 
per cent., for years and months. 

Define interest. Principal. Rate per cent, per annum. Amount 
What is simple interest ? Legal interest ? Usury ?• Case I ? 
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In percentage, any per cent, of any given number is so 
many hundredths of that number ; but in interest, any rate per 
cent, is contined to 1 year, and the per cent, to be obtained 
of any given number is greater than the rate per cent, per 
annum if the time be more than 1 year, and less than the rate 
per cent, per annum if the time be less than 1 year. Thus, 
tlie interest on any sura, at any rate per cent, for 3 years 6 
months, is 3^ times the interest on the same sum for 1 year ; 
and the interest for 3 months is j- of the interest for 1 year. 

1. What is the interest on $75.19 for 3 years 6 months, at 

6 per cent ? 

OPERATION. 

$75.19 

.06 Analysis. The interest on $75.19, for 1 yr., 
^ at 6 per cent, is .06 of the principal, or $4.51 14, 
^^^ ^ ^ ^ and the interest for 3 yr. 6 mo. is 3y\ = 3^ times 
H the interest for 1 yr., or $4.5114 X 3^, which is 

22557 $15,789 -}-> the Ans, Hence, the following 

135342 
$15.7899, Ans. 

Rule. I. Multiply the principal hy the rate per cent,, and 
the product will be the interest for 1 gear, 

II. Multiply this product hy the time in years and fractions 
of a year, and the result will he the required interest, 

EXAMPLES FOR PRACTICE. 

2. What is the interest of $150 for 3 years, at 4 per cent ? 

Ans, $18. 

3. What is the interest of $328 for 2 years, at 7 per cent ? 

4. What is the interest of $125 for 1 year 6 months, at 6 
percent? Ans, $11.25. 

5. What is the interest of $200 for 3 years 10 months, at 

7 per cent? Ans. $53.66 + . 

6. What is the interest of $76.50 for 2 years 2 months, at 

5^per cent. ? Ans. $8.287 + . 

Explain the difference between percentage and interest. Give 
analysis. Rule. 
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7. What is the interest of $1276.25 for 11 months, at 7 
percent.? Ans. $81.89 + . 

8. What is the interest of $2569.75 for 4 years 6 months, 
at 6 per cent. ? 

9. What is the interest of $1500.60 for 2 years 4 months, 
at 6^ per cent? Ans. $218.8375. 

10. What is the amount of $26.84 for 2 years 6 months, at 
5 per cent ? Ans. $30,195. 

i 11. What is the amount of $450 for 5 years, at 7 per cent ? 

12. What is the interest of $4562.09 for 3 years 3 months, 
at 3 per cent ? Atis $444.80 + . 

13. What is the amount of $3050 for 4 years 8 months, at 
6 J per cent ? Ans. $3797.25 + . 

14. Wiiat is the interest of $5000 for 9 months, at 8 per 
cent? Ans. $300. 

15. If a person borrow $375 at 7 per cent, how much will 
be due the lender at the end of 2 yr. 6 mo. ? 

16.. What is the interest paid on a loan of $1374.74, at 6 
per cent, made January 1, 1856, and called in January 1, 
1860? Ans. $329,937 + . 

17. If a note of $605.70 given May 20, 1858, on interest at 
8 percent., be taken up May 20, 1861, what amount will then 
be due if no interest has been paid? Ans. $751,068. 

CASE II. 

299. To find the interest on any sum, for any 
time, at any rate per cenL 

The analysis of our rule is based upon the following 

Obvious Relations between Time and Interest. 

I. The interest on any sum, for 1 year, at 1 per cent, is 
.01 of that sum, and is equal to the principal with the separatrix 
removed two places to the left. 

IL A month being -jV of a year, ^ of the interest on any 
sum for 1 year is the interest for 1 month. 

lat is Case II ? Give the first relation between time and iaterest. 
1 
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III. The interest on any sum for 3 days is ^ = ^ = J 
of the interest for 1 month, and any number of days may 
readily be reduced to tenths of a month by dividing by 3. 

IV. The interest on any sum, for 1 month, multiplied by 
any given time expressed in months and tenths of a month, 
will produce the required interest. 

I. What is the interest on $724.68 for 2 yr. 5 mo. 19 da., 
at 7 per cent. ? 

OPERATION. Analysis. We remove 

2yr«5mo. 19 da. = 29.6^ mo. the separatrix in the given 

\2\ %1 2468 principal two places to the 

> : left, and we have $7.2468, 

$.6039 the interest on the given sum 

29.6^ for 1 year at 1 per cent. 

-T— T- (300 L). Dividing this by 

^y^ 12, we have $.6039, the inter- 

36234 ggt for 1 month, at 1 per cent. 

54351 (IL) Multiplying this 

12078 quotient by 29.6 J, the time 

<M7 ftQ^-7 expressed in months and deci- 

^i/.»yoo/ j^^jg ^^ ^ ^^^^^^ ^jjj jy ^^ 

L we have $17.89557, the in- 

$125.26899, Ans. terest on the given sum for 

the given time, at 1 per cent. 

(IV.). And multiplying this product by 7 (7 times 1 per cent.), 

we have $125,268 -[-, the interest on the given principal, for the 

given time, at the given rate per cent. Hence, 

Rule. I. JRemove the separatrix in the given principal 
two places to the left ; the result tvill be the interest for 1 year, 
at 1 per cent. 

II. Divide this interest hy 12 ', the result wiU be the interest 
for 1 month, at 1 per cent. 

III. Multiply this interest by the given time expressed in 
months and tenths of a month ; the result wiU be the interest 
for the given time, at 1 per cent. 

IV. Multiply this intei^est by the given rate ; the product 
will be the interest required. 

Give the third. Fourth. Give analysis. Rule. 
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Contractions. After removing the separatrix in the principal 
two places to the left, the result may be regarded either as the in- 
terest on the given principal for 12 months at 1 per cent., or for 1 
month at 12 pi^r cent. K we regard it as for 1 month at 12 per 
cent., and if the given rate be an aliquot part of 12 per cent., the 
interest on the given principal for 1 month may readily be found by 
taking such an aliquot part of the interest for 1 month as the given 
rate is part of 12 per cent Thus, 

To find the interest for 1 month at 6 per cent, remove the sep- 
aratrix two places to the left, and divide by 2. 

To find it at 3 per cent, proceed as before, and divide by 4 ; at 4 
per cent, divide by 3 ; at 2 per cent, divide by 6, &c. 

SIX PER CENT. METHOD. 

300. By referring to 396 it will be seen that the legal 
rate of interest in 21 States is 6 per cent. This is a sufiicient 
reason for introducing the following brief method into this work : 
Analysis. At 6 per cent per annum the interest on $1 

For 12 months is $.06. 

" 2 months (^^=i of 12 mo.) " .01. 

" 1 month, or 30 days(yV of 12 mo.) " .00}=$.005 [^ (rf $.06). 

" 6 days (i of 30 days) " .001. 

" 1 " (iof6da.=gVof30days) " .OOOJ. 
Hence we conclude that, 

1st. The interest on $1 is $.005 per month, or $.01 for every 
2 months ; 

2d. The interest on $1 is $.000i per day, or $.C01 for every 
6 days. 

From these principles we deduce the 

Rule. I. To find the rate Call every year $.06, every 

2 months $.01, every 6 days $.001, and any less number of days 
sixths of 1 miU, 

II. To find the interest : — Multiply the principal by the rate, 

FoTES. — 1. To find the interest at any other rate per cent, by this 
method, first find it at 6 per cent., and Chen increase or diminish the 
result by as many times itself as the given rate is greater or less than 6 
per cent Thus, for 7 per cent add i[, for 4 per cent, subtract ^, &c. 

What contractions are given ? Give analysis of the 6 per cent method. 
Rule. Its application to any other rate per cent 
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2. The interest of $10 for 6 days, or" of $1 for 60 days, is $.01. 
Therefore, if the principal be less than $10 and the time less than 6 
days, or the principal less than $1 and the time less than 60 days, the 
interest will be less than $.01, and may be disregardea. 

3. Since the interest of $1 fur 60 days is $.01, the interest of $1 for 
any number of days is ns many cents as 60 is contained times in the 
number of days. Therefore, if any principal be multiplied by the num- 
ber of days in any given number of months and days, and the product 
divided by 60, the result will be the interest in cents. That is, MuHi- 
ply the principal by the number of days, divide the product by 60, and point 
off two decimal places in the quotient. The result will be the interest in ike 
»ame denomination as the principal 

EXAMPLES FOR FRACTICE. 

2. What is the interest of $100 for 7 years 7 months, at 6 
per cent. ? Ans. $45.50. 

3. What is the amount of $47.50 for 4 years 1 month, at 9 
percent.? Jris. $64,956 + . 

4. What is the amount of $2000 for 3 months, at 7 per 
cent.? Ans. $2035. 

5. What is the interest of $250 for 1 year 10 months and 
15 days, at 6 per cent. ? Atis. $28.12^. 

6. What is the interest of $36.75 for 2 years 4 months and 
12 days, at 7 per cent. ? Ans. $6,088 + . 

7. What is the amount of $84 for 5 years 5 months and 9 
days, at 5 per cent. ? 

8. What is the interest of $51.10 for 10 months and 3 
days, at 4 per cent^__,_^. .._ ,- ---^ 

^'^'^F. WhaFis the interest oJP $175.40 for 15 months and 8 
dajs,jitJLO per cent. ? _^,.~^,^ Ans. $22.31 -(-... ^- 

<ILiO. "WhaTTs'^T amount of $150o"forTmonths and 24 
days, at 7^ per cent. ? Ans. $1563.75. 

11. What is the amount of $84.25 for 1 year 5 months 
and 10 days, at 6 J per cent. ? 

12. What is the interest of $25 for 3 years 6 months and 
20 days, at 6 per cent. ? Ans. $5.33^. 

13. What is the interest of $112.50 for 3 months and 1 
4ay, at 9 J per cent.? Ans. $2.70+. 



What contractions are given ? 




'VI'.^ /3^ 
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14. What is the interest of $408 for 20 days, at 6 per 
cent.? Ans, $1.36. 

15. What is the interest of $500 for 22 days, at 7 per 
cent. ? 

16. What is the amount of $4500 for 10 days, at 10 per 
cent.? Ans. $4512.50. 

17. What is the amount of $1000 for 1 month 5 days, at 
6f per cent. ? Ans. $1006.56^^. 

18. Find the interest of $973.68 for 7 months 9 days, at 
4^ per cent. 

19. If I borrow $275 at 7 per cent., how much will I owe 
at the end of 4 months 25 days ? 

20. A person bought a piece of property for $2870, and 
agreed to pay for it in 1 year and 6 months, with 0^ per cent, 
interest; what amount did he pay ? Ans. $3149.825. 

.-..21. In settling with a merchant, I gave my note for $97.75, 
due in 11 months, at 5 per cent. ; what must be paid when 
the note falls due? Aiis. $102.23 +. 

22. How much is the interest on a note of $384.50 in 2 
years 8 months and 4 days, at 8 per cent. ? 

23. What is the interest of $97.86 from May 17, 1850, to 
December 19, 1857, at 7 per cent. ? Ans. $51.98 +. 

24. Find the interest of $35.61, from Nov. 11, 1857, to 
Dec. 15, 1859, at 6 per cent. Ans. $4,474. 

25. Required the interest of $50 from Sept. 4, 1848, to 
Jan. 1, 1860, at 3^ per cent. 

26. Required the amount of $387.20, from Jan.^l to Oct 
20, 1859, at 7 per cent. Ans. $408,957 +. 

27. A man, owning a furnace, sold it for $6000 ; the terms 
were, $2000 in cash on delivery, $3000 in 9 months, and the 
remainder in 1 year 6 months, with 7 per cent, interest; 
what was the whole amount paid ? Ans. $6262-50. 

28. Wm. Gallup bought bills of dry goods of Geo. Bliss 
& Co., of New York, as follows, viz.: Jan. 10, 1858, $350; 
April 15, 1858, $150 ; and Sept. 20, 1858, $550.50 ; he bought 
on time, paying legal interest ; what was the whole amount 
of his indebtedness Jan. 1, 1859 ? Ans. Hfl^ g^G fi A.. 
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PARTIAL PAYMENTS OR INDORSE^IENTS. 

301. A Partial Payment is payment in part of a note, 
bond, or other obligation ; when the amount of a payment is 
written on the back of the obligation, it becomes a receipt, and 
is called an Indorsement 

$2000. Springfield, Mass., Jan. 4, 1857. 

1. For value received I promise to pay James Parish, or 
order, two thousand dollars, one year after date, with interest. 

George Jones. 
On this note were indorsed the following payments : 

Feb. 19, 1858, $400 

June 29, 1859, $1000 

Nov. 14, 1859, $520 . 

What remained due Dec. 24, 1860? 

OPERATION. 

Principal on interest from Jan. 4, 1857, $2000 

Interest to Feb. 19, 1858, 1 yr. 1 mo. 15 da., 135 

Amount, $2135 

Payment Feb. 19, 1858, 400 

Remainder for a new principal, $1 735 

Interest from Feb. 19, 1858, to June 29, 1859, 1 yr. 

4 mo. 10 da., 141.69 

Amount, $1876.69 

Payment June 29, 1859, 1000. 

Remainder for a new principal, $876.69 

Interest from June 29, 1859, to Nov. 14, 1859, 4 mo. 

15 da., 19.725 

Amount, $896,415 

Payment Nov. 14, 1859, 520. 

Remainder for a new principal, $376,415 

Interest from Nov. 14, 1859, to Dec. 24, 1860, 1 yr. 

1 mo. 10 da., 25.09 

Remains due Dec. 24, 1860, $401.505-f 

' ■ >- ■ ■ ■ ' ■ - — I , ■ . I 

WTiat is meant by partial payment ? By an kidorsemeot ? 
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^^75.50. New York, May 1, 1855. 

2. For value received, we jointly and severally promise to 
pay Mason & Bro., or order, four hundred seventy-live dol- 
lai's fifty cents, nine months after date, with interest. 

Jones, Smith & Co. 

The following indorsements were made on this note : 

Dec 25, 1855, received, $50 

July 10,1856, ^ 15.75 

Sept. 1, 1857, « 25.50 

June 14, 1858, ** 104 

How much was due April 15, 1859 ? 

OPERATION. 

Principal on interest from May 1, 1855, $475.50 

Interest to Dec. 25, 1855, 7 mo. 24 da., 21.63 

Amount, $497.13 

Payment Dec. 25, 1855, 50. 

Remainder for a new principal,. $447.13 

Interest from Dec. 25, 1855, to June 14, 1858, 2 yr. 

5 mo. 19 da., 77.29 

Amount, $524.42 

Payment July 10, 1856, less than interest^ 

then due, > $15.75 

Payment Sept. 1, 1857, ) 25.50 

Their sum less than interest then due, ... $41.25 

Payment June 14, 1858, 104. 

Their sum exceeds the interest then due, $145.25 

Remainder for a new principal, $379.17 

Interest from June 14, 1858, to April 15, 1859, 10 mo. 

1 da., 22.19 

Balance due April 15, 1859 $401.36 -}- 

These examples have been wrought according to the method 
prescribed by the Supreme Court of the U. S., and are suf- 
ficient to illustrate the following 
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United States Rule. 

I. Find the amount of the given principal to the time of the 
first payment, and if this payment exceed the interest then due 
subtract it from the amount obtained^ and treat the remainder 
as a new principal. 

II. But if the interest be greater than any payment, cast the 
interest on the same principal to a time when the sum of the 
payments shall equal or exceed the interest due ; subtracting the 
sum of the payments from the amount of the principal, the re- 
mainder wiU form a new principal, on which interest is to be 
computed as before. 

^^^^'^^' San Francisco, June 20, 1858. 

3. Three years after date we promise to pay Ross & 
Wade, or order, five hundred fourteen and -f^ dollars, for 
value received, with 10 per cert interest Wilder & Bro. 

On this note were indorse] the following payments : Nov. 
12, 1858, $105.50 ; March 20, 1860, $200 ; July 10, 1860, 
$75.60. How much remains due on the note at the time of 
its maturity ? Ans. $242.12 + . 

^^^^^' Charleston, May 7, 1859. 

4. For value received, I promise to pay George Babcock 
three thousand dollars, on demand, with 7 per cent interest. 

John Mat. 

On this note were indorsed the following payments : — 

Sept 10, 1859, received $25 

Jan. 1, 1860, " oOO 

Oct 25, 1860, ** 75 

April 4, 1861, " 1500 

How much was due Feb. 20, 1862? Ans. $1344.35+. 

Give the United States Court rule for computing intereit -when 
partial payments have been made. 



J 
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$912y'^oV j^E^ Orleans, Aug. 3, 1850. 

5. One year after date I promise to pay George Bailey, or 
order, nine hundred twelve yVu dollars, with 5 per cent, in- 
terest, for value received. James Powell. 

The note was not paid when due, but was settled Sept. 15, 
1853, one payment of $250 having been made Jan. 1, 1852, 
and another of $316.75, May 4, 1853. How much was due 
at the time of settlement ? Ans. $467.53 + . 

^^^^•^^' Cincinnati, April 2, 1860. 

6. Four months after date I promise to pay J. Ernst & 
Co. one hundred eighty-four dollars fifty-six cents, for value 
received. S. Anderson. 

The note was settled Aug. 26, 1862, one payment of $50 
having been made May 6, 1861. How much was due, legal 
interest being 6 per cent. ? Ans, $154,188 -)- . 

Note. A note is on interest after it becomes due, if it contain no 
mention of interest. 

7. Mr. B. gave a mortgage on his farm for $6000, dated 
Oct. 1, 1851, to be paid in 6 years, with 8 per cent, interest. 
Three months from date he paid $500 ; Sept, 10, 1852, $1126 ; 
March 31, 1854, $2000 ; and Aug. 10, 1854, $876.50. How 
much was due at the expiration of the time ? Ans. $3284.84 -f- • 

303. The United States rule for partial payments has 
been adopted by nearly all the States of the Union ; the only 
prominent exceptions are Connecticut, Vermont, and New 
Hampshire. 

Connecticut Rule. 

I. Parents made one year or more from the time the in- 
terest commenced, or from another payment, and payments less 
than the interest due, are treated according to the United States 
rule. 

Give Connecticut rale for partial payments. 
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II. Payments exceeding the interest due, and made within 
one year from the time interest commenced, or from a former 
payment, shall draw interest for the balance of the year, pro- 
vided the interval does not extend beyond the settlement, and the 
amount must be subtracted from the amount of the principal for 
one year ; the remainder wiU be the new principal. 

III. J^ the year extend beyond the settlement, then find the 
amount of the payment to the day of settlement, and subtract it 
from the amount of the principal to that day ; the remainder 
will be the sum due. 



^^^^' Woodstock, Ct., Jan. 1, 1858. 

1. For value received, I promise to pay Henry Bo wen, or 
order, four hundred sixty dollars, on demand, with interest. 

James Marshall. 

On this note are indorsed the following payments : April 
16, 1858, $148 ; March 11, 1860, $75 ; Sept 21, 1860, $56. 
How much was due Dec. 11, 1860 ? Ans. $238.15-(-. 

303. A note containing a promise to pay interest an- 
nually is not considered in law a contract for any thing more 
than simple interest on the principal. For .partial payments 
on such notes, the following is the 

Vermont Rule. 

I. Find the amount of the principal from the time interest 
commenced to the time of settlement. 

II. Find the amount of each payment from the time it was 
made to the time of settlement. 

III. Subtract the sum of the amounts of the payments from 
the amount of the principal, and the remainder will be the 
sum due. 



Rutland, April 11, 1856. 



1. For value received, I promise to pay Amos Cotting, or 
order, six hundred dollars on demand, with interest annually. 

John Brown. j 

Gly« the Conmecticut rule for partial payments. The Vermont rule. 
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On this note were indorsed the following payments : Aug. 
10, 1856, $156; Feb. 12, 1857, $200; June 1, 1858, $185. 
What was due Jan. 1, 1859 ? Ans. $105.50+. 

304. In New Hampshire interest is allowed on the an- 
nual interest if not paid when due, in the nature of damages 
for its detention ; and if payments are made hefore one year's 
interest has occurred, interest must be allowed on such pay- 
ments for the balance of the year. Hence the following 

New Hampshire Bule. 

I. Find the amount of the 'principal for one year, and de^ 
dud from it the amount of each payment of that year, from the 
time it was made up to the end of the year ; the remainder will 
be a new principal, with which proceed as before. 

II. If the settlement occur less than a year from the last an- 
nual term of interest, make the last term of interest apart of a 
year, accordingly. 

$575. • Keene, N. H., Aug. 4, 1858. 

1. For value^ received, I promise to pay George Cooper, or 
order, five hundred seventy-five dollars, on demand, with in- 
terest annually. David Greenman. 

On this note were indorsed the following payments : Nov. 
4, 1858, $64; Dec. 13, 1859, $48; March 16, 1860, $248; 
Sept. 28, .1860, $60. jWhat was due on the note Nov. 4, 
1860? .y ^ Ans. $215.33. 

SOtS. When no payment whatever is made, upon a note 
promising annual interest, till the day of settlement, in New 
Hampshire the following is. the 

Court Rule. 
Compute separately the intwrest on the principal from the 
time the note is given to the time of settlement, and the interest 
on each yearns interest from the time it shotdd be paid to the 
time of settlement. The sum of the interests thus obtained, 
added to the principal, will be the sum due. ^ 

The New Hampshire rule. The New Hampshire coiu*t rule. 
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11. Add the average term^ credit to the date at which all 
ihe credits begin, and the resvlt will he the equated time of 
payment. 

Notes. 1. The periods of time used as multipliers must all be of 
the same denomination, and the quotient will be of the same denomi- 
nation as the terms of credit ; if these be monies, and there be a re- 
mainder after the division, continue the division 'to days by reduction, 
always taking the nearest unit in the la^ result. 

2. The several rules in equation of ^payments are based upon the 
principle of bank discount ; tor they imply that the discount of a sunv 
paid before it is due equals the interest of the same amount paid after 
it is due. "^ 

EXAMPLES FOR PITACTieE. 

2. On the 25th of September a trader bought merchandise, 
as follows : $700 on 20 days' credit ; $400 on 30 days' credit ; 
$700 on 40 days' credit : what was the average term of credit, 
and what the equated time of payment ? "^ a 

V J TAverage credit, 30 days. 

;^ \* ' (JEquated time of pajpient,, Oct. 25. 

3. On ^i^ly 1 a merchant gave notes, as follows^ the first 
for $250, due in 4 months ; the second foi^750, due in 2 
months; the third for $500, due in 7 months': at what tiiKe 
may they all be paid in one sum ? Ans, Nov. 1. 

4. A farmer bought a cow, and agreed to pay $1 on Mon- 
day, $2 on Tuesday, $3 on Wednesday, and so on for a week ; 
desirous afterward to avoid the Sunday payment, he offered to 
pay the whole at one time : on what day of the week would 
this payment come ? Ans. Friday. 

5. Jan. 1, I find myself indebted to John Kennedy in sums 
as follows : $650 Sue in 4 months ; $725 due in 8 months ; and 
$500 due in 12 months : at what date may I settle by giving 
my note on interest for the whole amount? Ans, Aug. 21. 

CASE II.) 

344. When the terms of credit begin at different 
dates, and the account has only one side. 

345* An Account is the statement or record of mercantile 
transactions in business form. 



Givo Case II. Define an account. 



\ 
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346* The Items of an account maj be sums due at the 
date of the transaction, or on credit for a specified time. 

An account may have both a debit and a credit side, the 
former marked Dr., the latter Cr. Suppose A and B have 
dealings in which there is an interchange of money or prop- 
erty ; A keeps the account, heading it with B's name ; the Dr. 
side of the account shows what B has received from A ; the 
Cr. side shows what he has parted with to A. 

347* The Balance of account is the difference of the two 
Bides, and may be in favor of either pavty. 

If, in the transactions, one party has received nothing from 

the other, the balance is simply the whole amount, and the 

account has but one side. Bills of purchase are of this class. 

Note. Book accounts bear interest after the expiration of the term 
of credit, and notes after they become due. 

348. To Average an Acconnt is to find the mean or 
equitable time of payment of the balance. 

349. A Focal Date is a date to which all the others are 
compared in averaging an accojmt. 

1. When does the amount of the following bill become due, 
by averaging ? 
J. C. Smith, 

1859. To C. E. ;Bobden, Dr. 

June 1, To Cash, $450 

" 12. " Mdse. on 4 mos., 500 

Aug. 16. " Mdse., . . . 250 



FIRST OPERATION. 




SECOND OPERATION. 


Due. 


da. 


Items. 


Prod. 




Due. 


da. 


Items. 


Prod. 


June 1 
Oct. 12 

I^Aug. 16 




133 

76 


450 
500 
250 


66500 
19000 


June 1 
Oct. 12 
Aug. 16 


133 



57 


450 
500 
250 


59850 

14250 
74100 






1200 


85500 








1200 



85500-7-1200 = 71 da. 
\ %^i\ da. after June 1, 
^^^- \ or Aug. 11. 



74100-^-1200 = 62 da. 
. ^ S 62 da. before Oct. 12, 
^"^•^ or Aug. 11. 



DefiiM itemi. Balance. To average an account. A focal date. 
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Analysis. By reference to the example, it will be seen that the 
items are due June 1, Oct. 12, and Aug. 16, as shown in the two 
operations. In the first operation we use the earliest date, June 1, 
as .a focal date, and find the difference in days between this date and 
each of the others, regard being had to the number of days in cal- 
endar months. From June 1 to Oct. 12 is 133 da. ; from June 1 to 
Aug. 16 is 76 da. Hence the first item has no credit from June 1, 
the second item has 133 days' credit from June 1, and the third 
item has 76 days* credit from June 1, as appears in the column 
marked da. After this we proceed precisely as in Case I, and find 
the average credit, 71 da., and the equated time, Aug. 11. 

In the second operation, the latest date, Oct. 12, is taken for a 
focal date ; the work is explained thus : .Suppose the account to be 
settled Oct. 12. At that time the fii-'st item has been due 133 days, 
and must therefore draw interest for this time. But interest on 
$45(> for 133 days zn the interest on $59850 for 1 da. The second 
item draws no interest, because it falls due Oct 12. The third item 
must draw interest 57 days. But interest on $250 for 57 days = 
the interest on $14250 for 1 day. Taking the sum of the products, 
we find the whole amount of interest due on the account, at Oct. 1 2, 
equals the interest on $74100 for 1 day; and this, by division, ia 
found to be equal to the interest on $1200 for 62 days, which time 
is the averse term of interest. Hence the account would be settled 
Oct 12, by paying $1200 with interest on the same for 62 days. This 
•hows that 1200 hasi)een due 62 days ; that is, it falls due Aug. 11, 
without interest. Hence the following 

Rule. I. Find the time at which each item becomes due, 
by adding to the date of each transaction the term of credit, if 
any be specified, and write these dates in a column, 

II. Assume either the earliest or the latest date for a focal 
date, and find the difference in days between the focal date and 
each of the otJier dates, and write the results in a second column. 

III. Write the items of the CLCcount in a third column, and 
multiply each sum by the corresponding number of days in the 
preceding column, writing the products in a final column. 

IV. Diinde the sum of the products by the sum of the items. 
The quotient will be the average term of credit when the 

Give analysis. Eule. 
HP 19 
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earliest elate is the focal date, or the average term of interest 
when the latest date is the focal date ; in either case always 
reckon from the focal date toward the other dateSf to find the 
equated time of payment, 

examples fob practice. 

2. John Brown, 

1859o To James Greioo, Dr. 

Jan. 1. To 50 yds. Broadcloth, (a) $3.00, . . . $150 
« 16. " 2000 " Calico, « .10, o . c 200 

Feb. 4. « 75 « Carpeting, « 1.33^,.. 100 
March 3. « 400 ^ Oil Cloth, " .40,.., 160 
If James Greigg wishes to settle the above bill by giving 
his note, from what date shall the note draw interest ? 

Ans. Jan. 27. 

3. Abram Bussel, 

1859o To Wthkoop & Bro., Dr. 

March 1. To Cash, •<,eeo*«eo.*«».ooocc. $300 

April 4. ^ Mdse., .oooo.oaoovoceocoo* 240 

June 18. ^ << on 2 mo., ooooo*oocooo 100 

Uxllg. O* V^aSn, •«oooeooooooeoo»«eofl 4v/V/ 

What is the equated time of payment of the above account ? 

Ans. May 26. 

4. John Otis, 

To James Ladd, Dr. 

To 500 bu. Wheat, (a) $1.20, . . o «> • < $600 
200 « « « 1.50, c.i.. 300 
640 « « « 1.30,... o.o 832 
760 « « " 1.00, o . o « c . 760 
500 « " « 1.50,0. •«.• 750 
When is the whole amount of the above bill due, per 
average? Ans. June 18. 

5. My expenditures in building a house, in the year 1856, 
were as follows : Jan. 16, $536.78 ; Feb. 20, $425.36 ; March 4, 
$259.25 ; April 24, $786.36. If at the last date I agree to 



1858. 




June 1. 


Tc 


« 12. 


« 


« 15. 


« 


« 25. 


«c 


" 80. 


«< 
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sell the house for exactly what it cost, with reference -to interest 
on the money expended, and take the purchaser's note for the 
amount, what shall be the face of the note, and what its 
date ? ^^^^ ( Face, $2007.75. 

"*' ( Date, March 8, 1856. 
6. Thomas Whiting, 
1859. To Israel Palmer, Dr. 

Jan. lo To 60 bbls. Flour, (a) $7.00, $420 

« 28. " 90 bu. Wheat," 1.50,.,. . 135 
Mar 15. « 300 bbls. Flour, " 6.00, . . . . 1800 
If credit of 3 months be given to each item, when will the? 
above account become due ? A71S, May 30. 



CASE III. 

3«S0o When the terms of credit begin at different 
times, and the account has both a debt and a credit 
side. 

L Average the following account. 

David Ware. 



Dr. 



Or. 



zcr^oz 



1858. 

June 
it 

Oct. 



To Mdse 

« Draft, 3 mo. 
" Cash 



400 
800 
250 



1858. 



July 
Aug. 
Sept. 



By Mdse, 
•• Cash. 



200 
150 
500 



00 
00 
00 



Dr. 



operation. 



Cr. 



Focal ) 
date, j 



Dae 


da. 

141- 

31 




Items. 


Prod. 

56400 
24800 


Due 

July 4 
Aug 20 
Sept. 20 


da. 


Items. 


Prod. 


June 1 
Sept. 19 
Oct. 20 


400 
800 
250 

1450 
850 


108 
61 
30 


200 
150 
500 


21600 

9150 

15000 




81200 
45750 

35450 


850 4o750 








Balances. 


600 





35450 ~ 600 =: 59 da., average term of interest. 
Oct. 20 — 59 da. == Aug. 22, balance due. 



What is Case HI ? Explain operatioi^. 
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Analysis. In the above operation we have written the dates, 
showing when the items become due on either side of the ac- 
count, adding 3 days' grace to the time allowed to the draft. The 
latest date, Oct. 20, is assumed as the focal date for both sides, and 
the two columns marked da. show the difference in days between 
each date and the focal date. The products are obtained as in the 
last case, and a balance is struck between the items charged and the 
products. These balances, being on the Dr. side, show that David 
Ware, on the day of the focal date, Oct. 20, owes $600 with interest 
on $35450 for 1 day. By division, this interest is found to be equal 
to the interest on $600 for 59 days. The balance, $600, therefore, 
has been due 59 days. Reckoning back from Oct. 12, we find the 
date when the balance fell due, Aug. 22. Hence the following 

HuLE. I. Find the time when each item of the account is 
due ; and' write the dates, in two columns, oh the sides of the 
account to which they respectively belong. 

II. Use either the earliest or the latest of these dates as the 
focal date for both sides, and find the products as in the last 
case. 

III. Divide. the balance of the products by the balance of the 
account; the quotient will be the interval of time, which mtist 
be reckoned from the focal date toward the other dates when 
both balances are on the same side of the account, but from 
the other dates when the balances are on opposite sides of the 
account. 

2. What is the balance of the following account, and when 
is it due ? 



John Wilson. 



Dr. 



Cr. 



1859. 








1859. 






Jan. 


1 


To Mdse. . 


448 


GO 


Jan. 20 


By Am't bro't forward 


560 00 


Feb. 


4 


♦* Cash.. 


364 


00 


Feb. 16 


** 1 Carriage 


264 00 


<c 


20 


f« {{ 


232 


GO 


" 25 


" Cash 


900 00 



^^ J Balance, $680. 
' i Due March 13. 
3. If the following account be settled by giving a note, what 
shall be the face of the note, and what its date ? 



Qiye analysis. Bule. 



RATIO. 



26VI 



Isaac Foster. 



JDr 












Cr. 


1858. 1 






1868. 








J an 1 To Mdse. on 3 mo. 


145 


86 


May 11 


By Cash .... 


11 


00 


12 


u (1 t( 5 (( 


37 


48 


July 12 


" " 


15 


00 


June 3 


it u u 3 tl 


12 


25 


Oct. 12 


«< it 


82 


00 


Aug. 4 


tt (1 (( 2 " 


66 


48 











Ans, 



5 $154.07, face of note. 
I Mar. 26, 1858, date. 



RATIO. 

3«S1. Batio is the comparison with each other of two num- 
bers of the same kind. It is of two kinds — arithmetical and 
geometrical. 

3SS. Arithmetical Batio is the difference of the two 
numbers. 

3«i3. Geometrical Batio is the quotient of one number 
divided by the other. 

3«i4« When we use the word ratio alone, it implies geo- 
metrical ratio, and is expressed by the quotient arising from 
dividing one number by the other. Thus, the ratio of 4 to 8 
is 2, of 10 to 5 is J, &;c. 

3S«S. Ratio is indicated in two ways. 

1st By placing two points between the numbers compared, 
writing the divisor before and the dividend after the points. 
Thus, the ratio of 5 to 7 is written 5:7; the ratio of 9 to 
4 is written 9:4. 

2d. In the form of a fraction ; thus, the ratio of 9 to 3 is f ; 
the ratio of 4 to 6 is f . 

350 • The Terms are the two numbers compared. 

3tS7. The Antecedent is the first term. 

3«S8. The Consequent is the second term. 

3«S!I« No comparison of two numbers can be fully ex- 
plained but by instituting another comparison ; thus, the com- 



NoTB. It in thought beat to omit the questions at the bottom of the pasres. in the 
reuminiug part of this work, leaving thd teacher to use such aa may be deemed ap* 
proprlate. 
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paiison or relation of 4 to 8 cannot be fully expressed by 2, 
nor of 8 to 4 by J. If the question were asked, what relation 
4 bears to 8, or 8 to 4, in respect to magnitude, the answer 2, 
or ^, would not be complete nor correct. But if we make 
unity the standard of comparison, and use it as one of the 
terms in illustrating the relation of the two numbers, and 
say that the ratio or relation of 4 to 8 is the same as 1 to 2, 
or tlie ratio of 8 to 4 is the same as 1 to ^, unity in both cases 
being the standard of comparison, then the whole meaning is 
conveyed. 

360* A Direct Eatio arises from dividing the consequent 
by the antecedent. 

S61. An Inverse or Eeciprocal Eatio is obtained by di- 
viding the antecedent by the consequent. Thus, the direct 
ratio of 5 to 15 is J^ = 3 ; and the inverse ratio of 5 to 15 is 

36S. A Simple Eatio consists of a single couplet ; as 
3 : 12. 

363. A Componnd Eatio is the product of two or more 
simple ratios. Thus, the compound ratio formed from the 
simple ratios of3:6and8:2isfXf = 3X8:6X2 = 

364* In comparing numbers with each other, they must 
be of the same hind, and of the same denomination, 

3G3« The ratio of two fractions is obtained by dividing 
the second by the first ; or by reducing them to a common de- 
nominator, when they are to each other as their numerators. 
Thus, the ratio of t% : f is f — ^ = f^ = 2, which is the 
same as the ratio of the numerator 3 to the numerator 6 of 
the equivalent fractions ^jj and yV 

Since the antecedent is a divisor and the consequent a divi- 
dend, any change in either or both terms will be governed by 
the general principles of division, (87.) We ha^w only to 
substitute the terms antecedent, consequent, and ratio, for divi- 
sor, dividend^ and quotient, and these principles become 
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GENERAL PRINCIPLES OF RATIO. 

pRii^. L Multiplying the consequent rmdtiplies the ratio; 
dividing the consequent divides the ratio, 

Prin. II. Multiplying the antecedent divides the ratio ; di' 
viding the antecedent multiplies the ratio, 

Prin. III. Multiplying or dividing both antecedent and conr 
sequent by tl\e same number does not alter the ratio. 

These three principles may be embraced in one 

GENERAL. X A V^ 

A change in the consequent produces a like change in the 
ratio ; but a change in the antecedent produces an oppositB 
change in the ratio, ^ 

36G« Since the ratio of two numbers is equal to the con- 
sequent divided by the antecedent, it follows, that 

1. The antecedent is equal to the consequent divided by 
the ratio ; and that, 

2. The consequent is equal to the antecedent multiplied by 
the ratio. 

EXAMPLES FOR PRACTICE. 

1. What part of 9 is 3? 

f = ^ ; or, 9 : 3 as 1 : ^, that is, 9 has die same ratio to 3 that 1 
Iw»s to \, 

2. What part of ?p is ,5 ? Ans. i- 

3. What part of 36 is 4? Ans. f 

4. What part of 7 is 49 ? Ans, 7 times. 

5. What is the ratio of 16 to 88? Ans. 6i. 

6. What is the ratio of 6 to 8J? Ans, |J. 

7. What is the ratio of 6 J to 78? Ans. 12. 

8. What is the ratio of 16 to 66 ? Ans, 4 J. 

9. What is the ratio of } to f ? Ans. \, 

10. What is the ratio of | to -j^? " Ans, f. 

1 1. What is the ratio of 3 J to 16§ ? Ans. 5. 

12. What is the ratio of 3 gal to 2 qt 1 pt. ? Ans, ^. 
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13. What is the ratio of 6.3 s to 8 s. 6 d. ? Ans. Iff 

14. What is the ratio of 5.6 to .56? Ans. ^. 

15. What is the ratio of 19 lbs. 5 oz. 8pwts. to 25 lbs. 11 
oz. 4 pwts. ? Ans. 1^. 

16. What is the inverse ratio of 12 to 16? Ans. J. 

17. What is the inverse ratio of f to | ? Ans. •^^. 

18. What is the inverse ratio of 5J to 17 J? Ans. f 

19. If the consequent be 16 and the ratio 2f, what is the 
antecedent? Ans^ 7. 

20. If the antecedent be 14.5 and the ratio 3, what is the 
consequent ? Ans. 43.5. 

21. If the consequent be J and the ratio f, what is the an- 
tecedent? Ans. 1^. 

22. If the antecedent be f and the ratio ^, wliat is the 
consequent? Ans. -^j. 

PROPORTION. 

367. Proportion is an equality of ratios. Thus, the ratios 
6 : 4 and 12:8, each being equal to §, form a proportion. 

368. Proportion is indicated in two ways. 

1st. By a double colon placed between the two ratios ; thus, 

2 : 5 : : 4 : 10. 

2d. By the sign of equality placed between the two ratios ; 
thus, 2 : 5 = 4 : 10. 

3G9« Since each ratio consists of two terms, every pro- 
portion must consist of at leost four terms. 

370. The Extremes are the first and fourth terms. 

371. The Means are the second and third terms. 
37^« Three numbers may be in proportion when the first 

is to the second as the second is to the third. Thus, the num- 
bers 3, 9, and 27 are in proportion since 3 : 9 : : 9 : 27, the 
ratio of each couplet being 3. 

In such a proportion the second term is said to be a mean 
proportional between the other two. 

373. In every proportion the product of the extremes is 
equal to the product of the means. Thus, in the proportion 

3 : 5 : r 6 : 10 we have 3 X 10 = 5 X 6. 
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374 • Four numbers that are proportional in the direct 
order are proportional by inversion, and also hy alternation^ or 
by inverting tlie means. Thus, the proportion 2 : 3 : : 6 : 9, 
by inversion becomes 3 : 2 : : 9 : 6, and by alternation 2:6:: 
3:9. 

37«S. From the preceding principles and illustrations, it 
follows that, any three terms of a proportion being given, the 
fourth may readily be found by the following 

Rule. I. Divide the product of the extremes by one of the 
means, and the quotient will be the other mean. Or, 

II. Divide the product of the means by one of the extremes^ 
and the quotient will be the other extreme, 

EXAMPLES FOR PRACTICE. 

Find the term, not given in each of the following proportions. 

1. 48 : 20,: : i^) i ^^ -- / h ^ Ans. 120. 

2. ^2 : 70 : : 3T(5^)^ Ans. 5. 

3. (9.;) : 30 : : 20 : 100. Ans. 6. 

4. li(pj) ::7:84. Ans. 12. 

5. 48 yd. : (^) : : $67.25 : $201.75. Ans. 144 yd. 

6. 3 lb. 12 oz. i^f^'.i $3.50 : $10.50. Ans. 11 lb. 4 oz. 

7. ^|p: $38.25 : : 8 bu. 2 pk. : 76 bu. 2 pk. Ans. $4.25. 
8- 4||38J::^:76i. Ans. ^. 
9. 0^ : 12 : : a : If Ans. 7. 

10. Tfe:^^::i:f Ans. f. 

SIMPLE PROPORTION. 

376* Simple Proportion is an equality of two simple 
ratios, and consists of four terms, any three of which being 
given, the fourth may readily be found. 

377. Every question in simple proportion involves the 
principle of cause and effect. 

878. Causes may be regarded as action, of whatever 
kind, the producer, the consumer, men, animals, time, distance, 
weight, goods bought or sold, money at interest, &c. 

S79* Effects may be regarded as whatever is accom* 
12* 
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plished by action of any kind, the thing produced or consumed, 
money paid, &c. 

380. Causes and effects are of two kinds — simple and 
compound. 

381. A Simple Caiue, or Eflfeot, contains but one element ; 
as goods purchased or sold, and the money paid or received 
for thym. 

383. A Compound Cause, or Effect, is the product of two 
or more elements ; as men at work taken in connection with 
time, and the result produced by them taken in connection 
with dimensions, length and breadth, &c. 

383. Causes and effects that admit of computation, that 
is, involve the idea of quantity, may be represented by num- 
bers, which will have the same relation to each other as the 
things they represent And since it is a principle of philoso- 
phy that like causes produce like effects, and that effects are 
always in proportion to their causes, we have the following 
proportions : 

1st Cause : 2d Cause : : 1st Effect : 2d Effect 
Or, 1st Effect : 2d Effect : : 1st Cause : 2d Cause; 

in which the two causes, or the two effects forming one coup- 
let, must be like numbers, and of the same denomination. 

Considering all the terms of the proportion as abstract num- 
bers, yi^ may say that 

1st Cause : 1st Effect : : 2d Cause : 2d Effect, 
which will produce the same numerical result. 

But as ratio is the result of comparing two numbers or 
things of the same kind (364), the first form is regarded as 
the most natural and philosophical. 

384. Simple causes and simple effects give rise to simple 
ratios ; compound causes and compound effects to compound 
ratios. 

385. 1. If 5 tons of coal cost $30, what will 3- tons cost? 

Note. The required term will be denoted by a ( ), and deiignated 
« blank." 
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STATEMENT. 
toiUL tons. $ $ 

5 : 3 : : 30 : ( ) 

Ist cauae. 2d cause, Ist effect, ad etboL 
OPERATION. 
5 X ( ) = 3 X 30 



Analysis. In this 
example an effect is 
required, and 5 tons 
must have the same 
tatio to 3 tons, as 
$30, the cost of 5 
tons, to (blank) dol- 
lars, the cost of 3 
tons. 



Since the product of the extremes is equal to the product of the 
means (373), and the product of the means divided by one of the 
extremes will give the other; (blank) doUars will be equal to the 
product of 3 X 30 divided by 6, which is $18, Ans. 

2. If 15 barrels of flour cost $90, how many barrels can be 
bpught for $30 ? 

STATEMENT, 
bar. $ $ 

( ) : : 90 : 30 

2d cause. Ist effect. 2d effect. 
OPERATION. 



bar. 

15 



Ist 



00 

( ) 



30 



( ) = 5 bar., Ans. 



Ai^ALtSls. In this ex* 
ample a catae is required^ 
and the statement may be 
read thus : If 15 barrels 
cost $90, how many or 
(blank) barrels will cost 
$30? The product of the 
extremes, 30 X l5, di- 
vided by the given mean^ 
90, will give the required 
term, 5, as shown in the operation. Hence we deduce the following 

Rule. L Arrange the terms in the statement so that the 
causes shall compose one couplet, and the effects the other, put' 
ting ( ) in the place of the required term, 

11. If the required term be an extreme, divide the product 

of the means by the given extreme ; if the required term he a 

mean, divide the product of the extremes by the given mean. 

Notes. 1 . If the terms of any couplet be of different denominations, 
they must be reduced to the same unit value. 

2. If the odd term be a compoimd mmmber, it must be reduced to its 
lowest imit. 

3. If the divisor and dividend contain one or more &ctors common 
to both, they should be canceled. K any of the terms of a proportion 
contain mixed numbers, they should first be changed to improper frac- 
tions, or the fractional part to a decimal. 

4. When the vertical line is used, the divisor and the required term 
are written on the left, and the terms of the dividend on the right. 
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380* We will now give anotlier method of solving ques- 
tions in simple proportion, without making the statement, and 
which may be used, by those who prefer it, to the one already 
given. We will term it the 

Second Method. 

Every question which properly belongs to simple propor- 
tion must contain four numbers, at least three of which must 
be given (376). Of the three given numbers, one must 
always be of the same denomination as the required number. 
The remaining two will be like numbers, and bear the same 
relation to each other that the third does to the required num- 
ber; in other words, the ratio of the third to the required 
number will be the same as the ratio of the other two num«r 
bers. 

Regarding the third or odd term as the antecedent of the sec- 
ond couplet of a proportion, we find the consequent or required 
term by multiplying the antecedent by the ratio (366). 

By comparing the two like numbers, in any given question, 
with the third, we may readily determine whether the answer, 
or required term, will be greater or less than the third term ; 
if greater, then the ratio will be greater than 1, and the two 
like numbers may be arranged in the form of an improper 
fraction as a multiplier ; if the answer, or required term, is to 
be less than the third term, then the ratio will be less than 1, 
and the two like numbers may be arranged in the form of a 
proper fraction, as a multiplier. 

1. If 4 cords of wood cost $12, what will 20 cords cost? 

OPERATION. Analysis. It will 

a^ X 20 be readily seen in this 

12 X ^, written = $60. example, that 4 cords 

^ and 20 cords are the 

like terms, and that 
$12 is the third term, and of the same denomination as the answer 
or required term. 

If 4 cords cost $12, will 20 cords cost more, or less, than 4 cords ? 
evidently more : then the answer or required term will be greater 
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than the third term, and the ratio greater than 1. The ratio of 4 
cords to 20 cords is ^, or 6 ; hence the ratio of $12 to the answer 
must be 5, and the answer will be ^ or 5 times $12, which is $60. 

2. If 12 yards of cloth cost $48, what will 4 yards cost ? 
OPERATION. Analysis. In this example we 

48 X ^ = $16, Arts. see that 12 yards and 4 yards are 
the like terms and $48 the third 
term, and of the same denomination as the required answer. 

If 12 yards cost $48, will 4 yards cost more or less than 12 yards? 
less : then the ratio will be less than 1, and the multiplier a proper 
fraction. The ratio of 12 yards to 4 yards is ^ ; hence the ratio of 
$48 to the answer is ^, and the answer will be ^ times $48, which 
is $16. Hence the following * 

Rule. I. With the two given mimberSy which are of the 
same name Or kind, form a ratio greater or less than 1, accord' 
ing as the answer is to be greater or less than the third given 
number, 

II. Multiply the third number by this ratio, and the product 
will be the required number or answer. 

Note. 1. Mixed numbers should first be reduced to improper frac- 
tions, and the ratio of the fractions found according to (365). 

2. Reductions and cancellation may be applied as in the first method. 

The following examples may be solved by either of the 
foregoing methods. 

EXAMPLES FOB PRACTICE. 

1. If 48 cords of wood cost $1?0, how much will 20 cords 
cost? ^ns. $50. 

2. If 6 bushels of corn cost $4.75, how much will 75 bush- 
els cost? Ans. $59.37^ 

3. If 8 yards of cloth cost $3J^, how many yards can be 
bought for $50 ? Ans. 114f yds. 

4. If 12 horses consume 42 bushels of oats in 3 weeks, how 
many bushels will 20 horses consume in the same time ? 

5. If 7 pounds of sugar cost 75 cent^j, how many pounds 
can be bought for $9 ? Ans. 84 lbs. 

6. What will 11 lb. 4 oz. of tea cost, if 3 lb. 12 oz. cost 
$3.50? Ans. $10.50. 
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7. If a staff 3 ft. 8 in. long cast a shadow 1 ft. 6 in., what 
is the height of a steeple that casts a shadow 75 feet at the 
same time ? . Ans. 183 ft. 4 in. 

8. At $2.75 for 14 pounds of sugar, what will be the cost 
of 100 pounds ? Am. $19.64?. 

9. How many bushels of wheat can be bought for $51.06, 
if 12 bushels can be bought for $13.32 ? 

10. What will be the cost of 28^ gallons of molasses, if 15 
hogsheads cost $236.25 ? Ans. $7.12^. 

11. If 7 barrels of flour are sufficient for a family 6 months, 
how many barrels will they require for 11 months? 

12. At the rate of 9 yai-ds for £5 12 s., how many yards of 
cloth can be bought for £44 16 s. ? Ans. 72 yds. 

13. An insolvent debtor fails for $7560, of which he is 
able to pay only $3100 ; how much will A receive, whose 
claim is $756 ? Ans. $310. 

14. If 2 pounds of sugar cost 25 cents, and 8 pounds of 
sugar are worth 5 pounds of coffee, what will 100 pounds of 
coffee cost ? , Am. $20. 

15. If the moon move 13° 10' 35" in 1 day, in what time 
will it perform one revolution ? 

16. If 8 J bushels of corn cost $4.20, what will be the cost 
of IZ^ bushels at the same rate ? Am. $6.48. 

17. If IJ yards of cotton cloth cost 6^ pence, how many 
yards can be bought for £10 6 s. 8 d. ? Am. 694} yds. 

18. If 12^- cwt. of iron cost $42J, how much will 48| cwt." 
cost? Am. $163.50+. 

19. What quantity of tobacco can be bought for $317.23, 
if8| lbs. cost $lf? Am. 15 cwt. 22.7+ lbs. 

20. If 15| bushels of clover seed cost $156|, how much 
can be bought for $95.75 ? Am. 9 bu. 2 pk. 2f qt. 

21. If I of a barrel of cider cost $f^, how much will J of 
a barrel cost ? Ans. $^. 

22. If a piece of land of a certain length, and 4 rods in 
breadth, contain J of an acre, how much would there be if it 
were 11 f rods wide ? Ans. 2 A. 28 rods. 

23. If 13 cwt. of iron cost $42J, what will 12 cwt cost? 
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24 A grocer has a false balance, by which 1 pound will 
weigh but 12 oz.^ what is the real value of a barrel of sugar 
that he sells for $28 ? Ans. $21. 

25. A butcher in selling meat sells 14 j J oz. for a pound ; 
how much does he cheat a customer, who buys of him to the 
amount of $30 ? Ans. $2.46 + . 

26^ If a man clear $750 by his business in 1 yr. 6 mo., how 
much would he gain in 3 yr. 9 mo. at the same rate ? 

27. If a certain business yield $350 net profits in 10 mo., 
in what time would the same business yield $1050 profits ? 

28. B and C have each a farm ; B's farm is worth $25 
an acre, and C*s $30^ ; if in trading B values his land at $28 
an acre, what value should C put upon his ? Atis. $34.16. 

29. If I borrow $500, and keep it 1 yr. 4 rao., for how long 
a time should I lend $240 as an eouivalent for the favor ? 

. " Ans. 2 yr. 9 mo. 10 da. 

COMPOUND PROPORTION. 

887, Compoimd Proportion embraces that class of ques- 
tions in which the causes, or the effects, or both, are compound. 

The required term may be a cause, or a single element of a 
cause ; or it may be an effect, or a single element of an effect. 

1. If 16 horses consume 128 bushels of oats in 50 days, 
iow many bushels will 5 horses consume in 90 days ? 



{ 9^. : : 128 : ( ) 



STATEMENT. 
Ist cause. 2d cause. Ist effect. 2d effect 

i 16 
( 50 
Or, 16X50 : 5X90 :: 128 : ( ) 

OPERATION. Analysts. In this ex- 

6 X 0d^ X ii^^ ample the required term 

—- 72 bu. i* ^^® second effect; and 

X0 X $0 the question may be read, 

If 16 horses in 50 days 
consume 128 bushels of oats, 5 horses in 90 days will consume 
how many, or (blank) bushels ? 
Note. These questions are most readily performed by cancellation. 
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2. If $480 gain $84 interest in 30 months, what sum will 
gain $21 in 15 months? 

STATEMENT. 



lift cause. 

(480 . 
I 30 • 

OPEKATIOIT. 



2d cause. 

X 15 



Ist effect Sd effact. 

: 84 ; 21 



Analysis. The re- 
quired term in this ex- 
_ $240, Ans. ample is an element of 
$4 X X$ the second cause ; and 

the question may be 
read, If $480 in 30 months gain $84, what principal in 15 months 
will gain $21 ? 

3. If 7 men dig a ditch 60 feet long, 8 feet wide, and 6 feet 
deep, in 12 days, what length of ditch can 21 men dig in 2§ 
days, if it be 3 feet wide and 8 feet deep ? 

STATEMENT. 



f 7 (21 (60 ( ( 

U2 : \ 25 : : -j 8 : -j 



Or, 7X12 : 21 X 5: 

OPERATION. 

&iX 8 X 00^ X g X 0' 



60 

8 

6 

60 X 8 X 6 



) 



Or, 



i 

( ) 



8 



( ) = 80 ft, Am. 

HuLE. I. Of the given 
the causes^ and those which 
them in couplets^ putting ( 



( )X3X8 

Analysis. In 

t this example the 

= 80 fl., Ans, required term is 

the length of the 

ditch, and is an element of the 

second effect. The question, 

as stated, will read thus : if 7 

men, in 12 days, dig a ditch 60 

feet long, 8 feet wide, and 6 

feet deep, 21 men, in 2f days, 

will dig a ditch how many, or 

(blank) feet long, 3 feet wide, 

and 8 feet deep ? 

Hence we have the following 

terms^ select those which constitute 
constitute the effects^ and arrange 
) in place of the required term. 
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II. Then, if the blank term ( ) occur in either of the ex* 
tremes, make the product of the means a dividend, and the 
product of the extremes a divisor ; hut if the blank term occur 
in either mean, make the product of the extremes a dividend, 
and the product of the means a divisor. 

Notes. 1. The causes must be exactly alike in the nufriber and kind 
of their terms ; the same is true of the effects. 

2. The same preparation of the terms by reduction is to be observed 
as in simple proportion. 

388. We will now solve an example according to the 
Second Method given in Simple Proportion. 

1. If 18 men can build 42 rods of wall in 16 days, how 
many men can build 28 rods in 8 days ? 

OPERATION. Analysis. We see in 

fi$^ X^^ t^^s example that all the 

i6^ X — X = 24 men. terms appear in couplets, 

rf^ 9 except one, which is 18 

men, and that is of the same kind as the required answer. 

Since compound proportion is made up of two or more simple 
proportions, if this third or odd term be multiplied by the compound 
ratio, or by the simple ratio of each couplet successively, the prod- 
uct will be the required term. 

By comparing the terms of each couplet with the third term we 
may readily determine whether the answer, or term sought, will be 
greater or less than the third term ; if greater, then the ratio will be 
greater than 1, and the multiplier an improper fraction ; if less, the 
ratio will be less than 1, and the multiplier a proper fraction. 

First we will compare the terms composing the first couplet, 42 
rods and 28 rods, with the third term, 18 men. If 42 rods require 
18 men, how many men will 28 rods require ? less men ; hence the 
ratio is less than 1, and the multiplier a proper fraction, |^ ; next, 
if 16 days require 18 men, how many men will 8 days require ? 
more men ; hence the ratio is greater than 1, and the multiplier an 
improper fraction, ^. Regarding the third term as the antecedent 
of a couplet, the consequent being the term sought, if we multiply 
this third term by the simple ratios, or by their product, we shall 
have the required term or answer, thus : 18 X ff X V -^ ^"^j ^^ 
shown in the operation. 

2. 5 compositors, in 16 days, of 14. hours each, can compose 
20 sheets of 24 pages in each sheet, 50 lines in a page, and 



BY 


CANCEIXATION. 
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ii0 


40 
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00 


00 


40 


$0 




32 days, Attt. 
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40 letters in a line ; in how many days, of 7 hours each, will 
10 compositors compose a volume to be printed in the same 
letter, containirtg 40 sheets, 16 pages in a sheet, 60 lines in a 
page, and 50 liters in a line ? Ans. 32 days. 

OPERATION, 
days. comp. hours, sheets. {Mtges. lines. letters. 

16X T^ X -S^ X J* X M X f J X J J = 32 days. 

Analysis. The required term or an- 
swer is to be in days ; and we see that 
all the terms appear in pairs or couplets, 
except the 16 days, which is of the same 
kind as the answer sought. 

We will proceed to compare the terms 
of each couplet with the 16 days. First, 
if 5 compositors require 16 days, how 
many days will 10 compositors require ? 
less days; hence the multiplier is the 
proper fraction ^, and we have 16 X ^« 
Next, if 14 hours a day require 16 days, 
how many days will 7 hours a day require ? more days ; hence the 
multiplier is the improper fraction ^, and we have 16 X i*V X V* 
Next, if 20 sheets require 16 days, how many days will 40 sheets 
require ? more days ; hence the multiplier is the improper fraction 
f^, and we have 16 X ^ X V^ X i^. Pursuing the same method 
with the other couplets, we obtain the result as shown in the opera- 
tion. Hence we have the following 

Rule. I. Of the terms composing each couplet form a 
ratio greater or less than 1, in tlie same manner as if the 
answer depended on those two and the third or odd term, 

II. Multiply the third or odd term hy these ratios sticcessively, 
and the product will be the answer sought. 

Note. By the odd term is meant the one that is of the same kind 
as the answer. 

The following examples may be solved by either of the 
given methods. 

EXAMPLES FOR PRACTICE. 

1. If 16 horses consume 128 bushels of oats in 50 days, 
how many bushels will 5 horses consume in 90 days ? 



•a 
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2. If a man travel 120 miles in 3 days when the days are 
12 hours long, in how many days of 10 hours each will he 
require to travel 360 miles ? Arts. lOf days. 

3. If 6 laborers dig a ditch 34 yards long in 10 days, how 
many yards can 20 laborers dig in 15 days ? Am. 170 yds. 

4. If 450 tiles, each 12 inches square, will pave a cellar, 
how many tiles that are 9 inches long and 8 inches wide will 
pave the same ? Arts. 900. 

5. If it require 1200 yards of cloth f wide to clothe 500 
men, how many yards which is J wide will it take to clothe 
960 men ? Ans. 3291^ yds. 

6. If 8 men will mow 36 acres of grass in 9 days, of 9 
hours each day, how many men will be required to mow 48 
acres in 12 days, working 12 hours each day ? Ans. 6 men. 

7. If 4 men, in 2^ days, mow 6| acres of grass by work- 
ing 8^ hours a day, how many acres will 15 men mow in 3 J 
days by working 9 hours a day ? Ans. 40 j^^ acres. 

8. If, by traveling 6 hours a day at the rate of 4^ miles 
an hour, a man perform a journey of 540 miles in 20 days, in 
how many days, traveling 9 hours a day at the rate of 4f 
miles an hour, will he travel 600 miles ? Ans. 14f days. 

9. If 2^ yards of cloth If yards wide cost $3.37 J, what 
cost Z^ yards, IJ yards wide? Ans. $52.79 +. 

10. If 5 men reap 52.2 acres in 6 days, how many men 
will reap 417.6 acres in 12 days ? Ans. 20 men. 

11. If 6 men dig a cellar 22.5 feet long, 17.3 feet wide, and 
10.25 feet deep, in 2.5 days, of 12.3 hours, in how many days, 
of 8.2 hours, will 9 men take to' dig another, measuring 45 
feet long, 34.6 wide, and 12.3 deep? Ans. 12 days. 

12. If 54 men can build a fort in 24 J^ days, working 12^ 
hours each day, in how many days will 75 men do the same, 
when they work but 10^ hours each day? Ans. 21 days. 

13. If 24 men dig a trench 33f yards long, 5f wide, and 
3^ deep, in 189 days, working 14 hours each day, how many 
hours per day must 217 men work, to dig a trench 23|- yards 
l«ng, 3| wide, and 2 J deep, in 5^ days ? Ans. 16 hours. 
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389. Partnership is a relation established between two 
or more persons in trade, by which thej agree to share the 
profits and losses of business. » 

390. The Partners are the individuals thus associated. 

391. Capital, or Stock, is the money or property invested 
in trade. 

393, A Dividend is the profit to be divided. 

393. An Assessment is a tax to meet losses sustained. 

CASE I. 

394, To find each partner's share of the profit or 
loss, when their capital is employed for equal periods of 
time. 

1. A and B engage in trade; A furnishes $300, and B 
$400 of the capital; they gain $182; what is each one's 
share of the profit ? 

OPERATION. Analysis. Since 

$300 the whole capital 

^^0Q employed is $300 

+$400 = $700, it 

$700, whole stock. is evident that A 

5^^ = ^^, A's Bhare of the stock. furnishes f ^ i=z ^ 

4 00 ^^ 4 B'g it u « of the capital, and 

$182 X ? = $78, A»8 share of the gain. ^ f*f ^ ,^ f }^^ 

^ ' capital. And since 

$182Xf = $l04,B's « « « each man's share of 

the profit or loss will have the same ratio to the whole profit or 
loss that his share of the stock has to the whole stock, A will have 
^ of the entire profit, and B ^, as shown in the operation. 

We may also regard the whole capital as the Jirst causey 
and each man's share of the capital as the second cause, the 
whole profit or loss as the Jirst effect, and each man's share of the 
profit or loss as the second c^^ec^, and solve by proportion thus: 
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iBtcaum. 


2d cause. 


Ist effect. 


2d effect 




$700 


: $300 : 


: $182 


: ( ) 




$700 


$400 : 


: $182 


= ( ) 


T100 


Jf003 




^00 


400* 


( ) 


i$fiS6 




( ) 


j'^jgae 



( ) = |78, A..p^ ( ) = $104,,,.^t 

Hence we have the following 

Rule. Multiply the whole profit or loss by the ratio of the 
whole capital to each man's share of the capital. Or, 

27ie whole capital is to each man's share of the capital as the 
whole profit or loss is to each man's share of the profit or loss, 

,2 Three men trade in company; A furnishes $8000, B 
$12000, and C 20000 of the capital; their gain is $1680; 
w^hat is each man's share ? 

Ans. A's $336; B's $504; C's $840. 

3. Three persons purchased a house for $2800, of which A 
paid $1200, B $1000, and C $600; they rented it for $224 
a year ; how much of the rent should each receive ? 

4. A man failed in business for $20000, and his available 
means amounted to only $13654 ; how much will two of his 
creditors respectively receive, to one of whom he owes $3060, 
and to the other $1530 ? Ans. $2089.062 ; $1044.531. 

5. Four men hired a coach for $13, to convey them to 
their respective homes, which were at distances from the place 
of starting as follows: A's 16 miles, B*s 24 miles, C*s 28 
miles, and D*s 36 miles ; what ought each to pay ? 

. (A$2. C.$3.50. 
( B $3. D $4.50. 

6. A captain, mate, and 12 sailors took a prize of $2240, 
of which the captain took 14 shares, the mate 6 shares, and 
each sailor 1 share ; how much did each receive ? 

7. A cargo of corn, valued at $3475.60, was entirely lost; 
i of it belonged to A, ^ of it to B, and the remainder to C ; 
how much was the loss of each, there being an insurance of 
$2512? ^7i«. $120.45, A's. $240.90, B's. $602.25, C's- 
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8. Three persons engaged in the lumber trade ; two of the 
persons furnished the capital, and the third managed the busi- 
ness ; they gained $2571.24, of which C received $6 as often 
as D $4, and E had ^ as much as the other two for taking care 
of the business ; how much was each one's share of the gain ? 

Ans. $1285.62, C's. $857.08, D's. $428.54, E's. 

9. Four persons engage in the coal trade; D puts in 
$3042 capital ; they gain $7500, 9f which A takes $2000, B 
$2800.75, and C $1685.25 ; how much capital did A, B, and 
C put in, and how much is D*s share of the gain ? 

J (A, $6000. C, $5055.75. 
^^* I B, $8402.25. D's gain, $1014. 

CASE U. 

39«S« To find each partner's share of the profit or 
loss when their capital is employed for unequal periods 
of time. 

It is evident that the respective shares of profit and loss will 
depend upon two conditions, viz. : the amount of capital in- 
vested by each, and the time it is employed. 

1. Two persons form a partnership ; A puts in $450 for 
7 months, aujd B $300 for 9 months ; they lose $156 ; how 
much is each man's share of the loss ? 

OPERATION. Analysis. The 

$450 X 7 = $3150, A'8 capital for 1 mo. use of $450 capital 

$300 X 9 = $2700, B's w M « ^or 7 months is the 

— same as the use of 

$5850, entire « " " 7 times $450, or 

I Hi = ^jr» ^'« »»»»" of the entire capital. ^^^^O for 1 month ; 

nn = A, B's « « « « ^"d «^ «^300 for 9 

^lob X i7^-$84, A'sioss. a8theu8eof9time8 

$1q6 X T% = $72, B». « $300, or $2700 for 

1 month. The en- 
tire capital for 1 month is equivalent to $3150 -|- $2700= $5850. 
If the loss, $156, be divided between the two partners, according to 
Case I, the results will be the loss of each as shown in the operatioa 
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Examples of this kind may also be solved by proportion as ii» 
Case I, the causes being compounded of capital and time ; thus, 

$5850 : $3150 : : $156 : ( ) 
$5850 : $2700 ; : $156 : ( ) 
$m0 M$0'' 0$$0\i^00^ 

( ) ^^6^^ ( )|^^0^^ 



( ) = $84, A'S 10B8. ( ) = 172, B'8 10«. 

Hence the following 

Rule. Multiply each man*8 capital hy the time it is em- 
ployed in trade, and add the products. Then multiply the 
entire profit or loss by the ratio of the sum of the products to 
each product, and the results will he the respective shares of 
profit or loss of each partner. Or, 

Mvkiply each marC$ capital hy the time it is employed in 
trade, and regard ea^h product as his capital, and the sum of 
the products as the entire capital, and solve by proportion, as in 
Case I. 

EXAMPLES FOR PRACTICE. 

2. Three persons traded together; B put in $250 for 6 
months, C $275 for 8 months, and D $450 for 4 months ; 
they gained $825 ; how much was each man's share of the 
gain? 

3. Two merchants formed a partnership for 1 8 months. A at 
first put in $1000, and at the end of 8 months he put in $fi00 
more ; B at first put in $1500, but at the end of 4 months he 
drew out $300 ; at the expiration of the time they found that 
they had gained $1394.64 ; how much was each man's share 
of the gain? Ans. A's $715.20; B's $679.44. 

4. Three men took a field of grain to harvest and thresh 
for J of the 'crop ; A furnished 4 hands 5 days, B 3 hands 
6 days, and C 6 hands 4 days ; the whole crop amounted to 
372 bushels ; how much was each one's share ? 

5. William Gallup began trade January 1, 1856, with a 
capital of $3000, and, succeeding in business, took in M. H. 
Decker as a partner on the first day of March following, with 
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a capital of $2000; foar months after they admitted J. New- 
man a.s third partner, who put in $1800 capital; thej con- 
tinued their paitnerahlp until April 1, 1858, when they found 
that $4368.80 had been gained since Jan. 1, 1856; how 
much was each one's share ? ( $2106, Gallup's. 

^?wJ $1300, Decker's. 

( $ 982.80, Newman's. 

6. Two persons engaged in partnership with a capital of 
$5600; A's capital was in trade 8 months, and his share of 
the profits was $560 ; B's capital was in 10 months, and his 
share of the profits was $800 ; what amount of capital had 
each in the firm ? Ans. A, $2613.33^; B, $2986.66|. 

7. A, B, and C, engaged iu trade with $1930 capital; A's 
money was in 3 months, B's 5, and C's 7 ; they gained $117, 
which was so divided that ^ of A's share was equal to ^ of 
B's and to J of Cs ; how tnuch did each put in, and what 
did each gain? { A, $700 cajyUl ; $26 gain. 

Ans. ^ B, $630 •* $39 « 
$600 " $52 " 

ANALYSIS. 

300* Analysis, in arithmetic, is the process of solving 
problems independently of set rules, by tracing the relations 
of the given numbers and the reasons of the separate steps of 
the operation according to the special conditions of each question. 

397, In solving qu^tions by analysis, we generally reason 
from the given number to unity^ or 1, and then from unity, or 
1, to the required number, 

308. United States money is reckoned in dollars, dimes, 
cents,andmills(I80),one dollar being uniformly valued in all 
the States at 100 cents ; but in most of the States money is 
sometimes still reckoned in pounds, shillings, and pence. 

Note. At the time of the adoption of our decimal currency by 
Confrress, in 1786, the colonial currency^ or bills of credit^ issued by the 
colonies, had depreciated in value, and this depreciation, being unequal 
in the different colonies, gave rise to the difierent values of the State 
currencies ; and this variation continues wherever the denominations of 
'^hillings and pence are in use. 
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309« In New England, Indiana, \ 
Illinois, Missouri, Virginia, Kentucky, >$1 = 6 s. :=72d. 
Tennessee, Mississippi, Texas, . • • .'. i 

New York, Ohio, Michigan, $1 = 8 s. = 96 d. 

New Jerse3% Pennsylvania, Dela- ) ^ ^ 

^ ■ ' |$l=7s. 6d. = 90d 



Ware, Maryland, 
South Carolini 
Canada, Nova Scotia, )$1=:58. = 60 d. 



South Carolina, Georgia, )$1=48. 8d.=56d. 

) $1 = 6 8. = ( 



EXAMPLES FOR PRACTICE. 



1. What will be th^ cost of 42 bushels of oats, at 3 shillings 
0er bushel, New England currency ? 

oPERATiox. Analysis. Since 

^g7 1 bushel costs 3 shil- 



42X3= 126 s. 



lings, 42 bushels will 



126 — 6 =$21 Or, cost 42 times 3 s., or 

%^ly Ans. 42X3= 126s.; and 
as 6 s. make 1 dollar 
New England currency, there are as. many dollars in 126 s. as 6 is 
contained times in 126, or $21. 

2. What will 180 bushels of wheat cost at 9 s. 4d. per 
bushel, Pennsylvania currency ? 

OPERATION. Analysis. Multi- 

i$0^ Or, 



00 



112 $ 



$224 ^^ 



i^0^ plying the number of 

QQ bushels by the price, 

and dividing by the 

^ value of 1 dollar re*. 

$224, Ans. ^^^^^ *^ ^^^^» w® 
we have $224. Or, 

when the pence in the 

given price is an aliquot part of a shilling, the price may be reduced 

to an improper fraction for a multiplier, thus : 9 s. 4 d. z= 9 J s. == 

^ s., the multiplier. The value of the dollar being 7 s. 6 d.= 7^ s. 

= ^, we divide by ^, as in the operation. 

3.' What will be the cost of 3 hhd. of molasses, at 1 s. 3 d. 
per quart, Georgia currency ? 

1$ 



\7- 
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k- 





3 




0$9 




4 


^^ 


15, 


2 


405.00 



$t 



OPERATION. 

Analysis. In this example we first 
reduce 3 hhd. to quarts, by multiplying 
by 63 and 4, and then multiply by the 
. price, either reduced to pence or to an 
improper fraction, and divide by the 
value of 1 dollar reduced to the samo 
denomination as the price. 
$202.50 

4. Sold 9 firkins of butter, each containing 56 lb., at 1 s. 6 d. 
per pound, and* received in payment carpeting at 6 s. 9 d. per 
yard ; how many yards of carpeting would pay for the butter ? 

OPERATION. Analysis. The operation in this is similar 

to the preceding examples, except that we di- 

eg vide the cost of the butter by the price of a 

. -g unit of the article received in payment, reduced 

^^ to the same denominational unit as the price 

112 yd. ®^ ^ ^^^ °^ ^® article sold. The result will be 

the same in whatever currency. ^ 

5. What win 3 casks of rice cost, each weighing 126 
pounds, at 4 d. per pound. South Carolina currency ? Ans. $27. 

6. Hoyv many pounds of tea, at 7 s. per pound, must be 
given for 28 lb. of butter, at 1 s. 7 d. per pound ? Ans, 6 J. 

7. Bought 2 casks of Gatawba wine, each containing 72 
gallons, for $648, and sold it at the rate of 10 s. 6 d. per quart, 
Ohio currency ; how much was my whole gain ? Ans, $108. 

8. What will be the expense of keeping 2 horses 3 weeks 
if the expense of keeping 1 horse 1 day be 2 s. 6 d., Canada 
currency? Ans. $21. 

9. How many days' work, at 6 s. 3 d. per day, must be 
given for 20 bushels of apples at 3 s. per bushel ? Ans. 9^. 

10. Bought 160 lb. of dried fruit, at 1 s. 6d. a pound, in 
New York, and sold it for 2 s. a pound in Philadelphia ; how 
much was my whole gain ? Ans^ $12.66§. 

11. A merchant exchanged 43^ yards of cloth, worth 10 s. 
6 d. per yard, for other cloth worth 8 s. 3 d. per yard ; how 
many yards did he receive ? Ans. 55 ^. 
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12. What will be the cost of 300 bushels of wheat at 9 s. 
dd. per bushel, Michigan currency? Am, §350. 

13. If I of f of a ton of coal cost $2|, how muck will ^ of 
6 tons cost ? 

OPERATION. y 

$ I Xi^ Analysis.. Since | of ^ = J| of a ton costs 

t$ i$* ^^ = $¥» 1 ton will cost 28 times -^ of $V, 

nf g^2 or $V X ft ; and 4 of 6 tons = Y ^^ns, will 

- ' ^^ cost Y times f| of $Y = $16. 

$l6yAns. 

14. If 8 men can build a wall 20 ft. long, 6 ft. high, and 
4 ft. thick, in 12 days, working^ hours a day, in how many 
days can 24 men build a walL/loO ft. long, 8 ft. high, and 6 ft. 
thick, working 8 hours a da/? 

OPEBATION. 

1^ $ 10 ^0010 $ 

1 U $ ^0 4 

Analysis. Since 8 men require 12 days of 10 hours each to 
build the wall, 1 man would require 8 times 12 days of 10 hours 
each, and 10 times (12 X 8) days of 1 hour each. To build a wall 
1 ft. long would require ^ as much time as to build a wall 20 ft. 
long ; to build a wall 1 ft. high would require J as much time as to 
build a wall 6 ft. high; to build a wall 1 ft. thick, \ as much time as 
to build a wall 4 ft. thick. Now, 24 men could build this wall in ^ 
as many days, by working 1 hour a day, as 1 man could build it, 
and in J as many days by working 8 hours a day, as by working 1 
hour a day ; but to build a wall 200 ft. long would require 200 times 
as many days as to build a wall 1 ft. long ; to build a wall 8 ft. high 
would require 8 times as many days as to build a wall 1 ft. high ; 
and to build a wall 6 ft. thick would require 6 times as many days 
as to build a. wall 1 ft. thick. 

15. If 2 pounds of tea are worth 11 pounds of coffee, and 
3 pounds of coffee are worth 5 pounds of sugar, and 18 pounds 
of sugar are worth 21 pounds of rice, how many pounds of 
rice can be purchased with 12 pounds of tea? 
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^v. 



'■A 



^v 



OPERATION. Analysis. Since 18 lb. of su- 

j2j;7 gar are equal in value to 21 lb. of 

5 rice, 1 lb. of sugar is equal to -^ 

^ \\ of 21 lb. of rice, or ?i = J lb. of 

^ w^ rice, and 5 lb. of sugar are equal 

^^ , ^ ^^ to 5 times i lb. of rice, or \^ lb. ; 

vi 3 I 385 if 3 lb. of coffee are equal to 5 lb. 

Ans 1284 lb. °^ ®"^^^'' °^ ^ ^^' ^^ "^^' ^ ^^' ^^ 

^ * coffee is equal to ^ of ^^^ lb. of 

rice, or f| lb., and 11 lb. of coffee are equal to 11 times }| lb. of 

rice, or ^^^ lb. ; if 2 lb. of tea are equal to 11 lb. of coffee, or ^^8/ lb. 

of rice, 1 lb of tea is equal to ^ of ^j^^ lb. of rice, or Ye*- 1^., and 12 

lb. of tea are equal to 12 times ^ ^^' ^^ "^e, or ^|^ lb. = 128J lb. 

16. If 16 horses consume 128 bushels of oats in 50 days, 
how many bushels will 5 horses consume in 90 days? Ans. 72. 

17. If $10 J will buy 4§ cords of /Wood, how many cords 
can be bought for $24 J ? ■ "^ Aiis. 11. 

18. Gave 52 barrels of potatoes, each containing 3 bushels, 
worth 33 J cents a bushel, for 65 yards of cloth; how much 
was the cloth worth per yard ? Ans. $.80. 

19. If a staff 3 ft. long cast a shadow 5 ft. in length, what 
is the height of an object that casts a shadow of 46^ ft. at the 
same time of day ? Ans. 28 ft. 

20. Three men hired a pasture for $63 ; A put in 8 sheep 
7|J months, B put in 12 sheep 4 J months, and C put in 15 
sheep 6| months ; how much must each pay ? 

21. If 7 bushels of wheat are worth 10 bushels of rye, 
and 5 bushels of rye are worth 14 bushels of oats, and 6 
bushels of oats are worth $3, how many bushels of wheat will 
$30 buy? Ans. 15. 

If $480 gain $84 in 30 months, what capital wWV gain 
$5 1 in 15 months? Ans. $2i6. 

23. How many yards of carpeting f of a yard wide are 
equal to 28 yards ^ of a yard wide? Ans. 31^. 

24. If a footman travel 130 miles in 3 days, when the days 
are 14 liours long, in how maiiy days of 7 hours each will he 
travel 390 miles? Ans. IS. 
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25. If 6 men can cut 4? cords of wood in 3 days, how 
many cords can 8 men cut in 9 days? Ans. 180. 

6. B*s age is 1 J times the age of A, and C's is 2j^ times 
the age of both, and the sum of their ages is 93 ; what is thd 
age of each? Ans. A's age, 12 yrs. 

27. If A can do as much work in 3 days as B can do in 
4 J days, and B can do as much in 9 days as C in 12 days, 
and C as much in 10 days as D in 8, how many days' work 
done by D are equal to 5 days* done by A ? Ans, 8. 

28. The hour and minute hands of a watch are together at 
12 o'clock, M. ; when will they be exactly together the third 
time after this ? 

OPERATION. Analysis. Since 

12 X 1^ X 3 r= 3^1i. the minute hand pass- 

Ans. 3h. 16min. 2lT\sec, P.M. ^f the hour hand 11 

times in 12 hours, if 
both are together at 12, the minute hand will pass the hour hand 
the first time in rjX^ of 12 hours, or 1-^ hours ; it will pass the hour 
hand the second time in ^ of 12 hours, and the third time in ^ of 
12 hours, or 3^\ hours, which, would , occur at 16 min. 21^^ sec. 
past 3 o'clock, P. M. 

29. A flour merchant paid $164 for 20 barrels of flour, 
giving $9 for first quality, and $7 for second quality ; how 
many barrels were there of each ? 

OPERATION. Analysis. If all had been 

$9 X 20 = $180 ; first quality, he would have paid 

$180 — $164 = $16. ^1®^' o^ *1^ "^o^® t^an ^e did 

go S7 zz: S2 • P^^' Every barrel of second 

_ - ' quality made a difference of $2 

16-1-2= 8bbl., 2dquaUty. j^ ^^^ ^^^^ . ^^^^^ ^^^^^ ^,^^^ 

20 — 8 — 12 bbl., 1st « ug many barrels of second qual- 

ity as $2, the difference in the 
cost of one barrel, is contained times in $16, &c. 

SO. A boy bought a certain- number of oranges at the rate 
of 3 for 4 cents, and as many more at the rate of 5 for 8 cents ; 
he sold them again at the rate of 3 for 8 cents, and gained on 
the whole 108 cents; how many oranges did he buy ? 
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OPERATION. Analysis. For 

J -j- I jsi {4 ; ^^ -l-2 = f I, averagecort. those he bought 
f — f f = [| = 1 J cts., gain on each. at the rate of 3 for 

108 -7-1* = 90, number of oranges. V^"^^ ^^ ^'^"^ * 

of a cent each, and 

for those he bought at the rate of 5 for 8 cents he paid | of a cent 
each ; and | -[" i = if cents, what he paid for 1 of each kind, 
which divided by 2 gives f | cents, the average price of all he bought. 
He sold them at the rate of 3 for 8 cents, or | cents each ; the dif- 
ference between the average cost and the price he sold them for, or 
f — ?f — If = 1^ cents, is the gain on each ; and he bought as 
many oranges as the gain on one orange is contained times in the 
whole gain, &c. 

31. A man bought 10 bushels of wheat and 25 bushels of 
corn for $30, and 12 bushels of wheat and 5 bushels of corn 
for $20 ; how much a bushel did he give for each ? 

OPERATION. Analysis. We may divide or 

w. C. multiply either of the expressions 

istlot, 10 25 $30 by such a number as will render 

2d «« 12 5 $20 one ofthe commodities purchased, 

, e_3o K ifi" alike in both expressions. In this 

1st — 5-_^ 5 ^b example we divide the first by 5 

10 $14 to make the numbers denoting 

Ibu. w. = $1.40 the corn alike, (the same result 

1 bu. c. = $ .64 would be produced by multiply- 

ing the second by 5,) and we have 
the cost of 2 bushels of wheat and 5 bushels of corn, equal to $6. 
Subtracting this from 1 2 bushels of wheat and 5 bushels of corn, which 
cost $20, we find the cost of 10 bushels of wheat to be $14 ; there- 
fore the cost of 1 bushel is -^ of $14, or $1.40. From any one of 
the expressions containing both wheat and corn, we readily find the 
cost of 1 bushel of corn to be 64 cents. 

32. A, B, and C agree to build a bam for $270. A and 
B can do the work in 16 days, B and C in 13^ days, and A 
and C in n^ days. In how many days can all do it working 
together ? In how many days can each do it alone ? AVhat 
part of the pay ought each to receive ? 
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OPERATION. 

-^^ =. -^, what A »nd B do in 1 day. 
^ = ^«p « BandC « « 

VTr = ^» " ^•"'^^^ " " 

2 day*. 
|i-7-2=z±/^ what A, B, and C do In 1 day. 
I 1 -1- r^^ ±= 8| di^ys, time A, B, and C, wiU do th« 
whole worlL together. 

A-A = liV; l-r-A = 20da.,C1one. 

A-A=A; i-^W=26|da.,A « 

^ X sf =^ J» ^*^® p*^* "^ ^**® ^^°'® ^ ^^ 
^,x^=i: « " « A« 

$270 X t = $120, CTb share. 

$270 X I = $90, A'. « 
$270x1 = $60, B's « 



Analysis. Since 
A and B can do the 
work in 1 6 days, they 
can do ^g of it in 1 
day; B and C, in ' 
13 J or Y- days, they 
can do ^1^ of it in 1 
day; AandC,inllf^ 
or ^ days, they can 
do ^ of it m 1 day. 
Then A, B, and C, 
by working 2 days 
each, can do ^-|- 

work, and by work- 
ing 1 day each they 
candoiof^,or^ 
of the work ; and it 
will take them as 
many days working 



together to do the 
whole work as ^^ is contained times in 1, or 8f days. 

Now, if we take what any two of them do in 1 day from what the 
three do in 1 day, the remainder will be what the third does j we 
thus find that A does -^, B ^, and C ^. 

Next, if we denote the whole work by 1, and divide it by the part 
each does in 1 day, we have the number of days that it will take 
each to do it alone, viz. : A 26f days, B 40 days, and C 20 days. 
And each should receive such a part of $270 as would be ex- 
pressed by the part he does in 1 day, multiplied by the number of 
days he works, which will give to A $90, B $60, and C $120. 

33. If 6 oranges and 7 lemons cost 33 cents, and 12 oranges 
and 10 lemons cost 54 cents, what is the price of 1 of each ? 
Ans. Oranges, 2 cents; lemons, 3 cents. 

84. If an army of 1000 men have provisions for 20 days, 
at the rate of 18 oz. a day to each man, and they be reinforced 
by GOO men, upon what allowance per day must each man be 
put, that the same provisions may last 30 days ? Ans, 7 J oz. 

35. Theix) are 54 bushels of grain in 2 bins ; and in one bin 
are 6 bushels less than ^ as much as there is in the other ; 
how many bushels in the larger bin ? Ans. 40. 
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36. The sum of two nr.mbers is 20, and their difference is 
equal to i of the greater number; what is the greater 
number? Ans. 12. 

37. If A can do as much work in 2 days as C in 3 days, 
and B as much in 5 days as C in 4 days ; what time will B 
require to execute a piece of work which A can do in 6 
weeks? Ans. 11 J weeks. 

38. How many yards of cloth, J of a yard wide, will line 
36 yards 1^ yards wide ? Ans. GO. 

39. How many sacks of coffee, each containing 104 lbs, 
at 10 d. per pound N. Y. currency, will pay for 80 yards of 
broadcloth at $3|^ per yard ? Ans. 24. 

40. A person, being asked the time of day, replied, the time 
past noon is equal to | of the time to midnight ; what was 
the hour ? Ans. 2, P. M, 

41. A market woman bought a number of peaches at the 
rate of 2 for 1 cent, and as many more at the rate of 3 for 1 
cent, and sold them at the rate of 5 for 3 cents, gaining 55 
cents ; how many peaches did she buy ? Ans, 300. 

42. A can build a boat in 18 days, working 10 hours a day, 
and B can build it in 9 days, working 8 hours a day ; in how 
many days can both together build it, working 6 hours a day ? 

43. A man, after spending J of his money, and ^ of the 
remainder, had $10 left ; how much had he at first ? 

44. If 30 men can perform a piece of work in 11 days, how 
many men can accomplish another piece of work, 4 times as 
large, in -J of the time ? Ans. 600. 

45. If 16^ lb. of coffee cost $3^, how much can be bought 
for $1.25? Ans. e^lb. 

46. A man engaged to write for 20 days, receiving $2.50 
for every day he labored, and forfeiting $1 for every day he 
was idle ; at the end of the time he received $43 ; how many 
days did he labor ? Ans. 18. 

47. A, B, and C can perform a piece of work in 12 hours; 
A and B can do it in 16 hours, and A and C in 18 hours; 
what part of the work can B and C do in 9| hours ? Ans, |. 
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ALLIGATION, 



400* Alligation treats of mixing or compounding two or 
more ingredients of different values. It is of two kinds — Alii- 
gallon Medial and Alligation Alternate. 

401 • AUigation Medial is tlie process of finding the aver- 
age price or quality of a compound of several simple ingredi- 
ents whose prices or qualities are known. 

1. A miller mixes 40 bushels of rye worth 80 cents a 
bushel, and 25 bushels of corn worth 70 cents a bushel, with 
15 bushels of wheat worth $1.50 a bushel ; what is the value 
of a bushel of the mixture ? 

OPERATION. Analysis. Since 40 bushels 

80 X 40 = $32.00 of rye at 80 cents a bushel is 

70 X 25 = 17.50 worth $32, and 25 bushels of com 

1 50 X 15 = 22.50 ^* ^^ cents a bushel is worth 

— '- — $17.50, and 15 bushels of wheat 

80 ) 72.00 at $1.50 a bushel is worth $22.50, 

% 90 Ans therefore the entire mixture, con- 

' ' sisting of 80 bushels, is worth 

$72, and one bushel is worth -g^ of $72, or 72 ~ 80 = $.90. 

Hence the following 

Rule. Divide the entire cost or valiie of the ingredients 
hy the sum of the simples. 

EXAMPLES FOR PRACTICE. 

2. A wine merchant mixes 12 gallons of wine, at $1 per 
gallon, with 5 gallons of brandy worth $1.50 per gallon, and 
3 gallons of water of no value ; what is the worth of one gal- 
lon of the mixture ? Ans, $.975. 

3. An innkeeper mixed 13 gallons of water with 52 gallons 
of brandy, which cost him $1.25 per gallon ; what is the value 
of 1 gallon of the mixture, and what his profit on the sale of 
the whole at 6| cents per gill ? Ans. $1 a gallon ; $65 profit. 

4. A grocer mixed 10 pounds of sugar at 8 cts. with 12 

pounds at 9 cts. and 16 pounds at 11 cts., and sold the mixture 

at 10 cents per pound ; did he gain or lose by the sale, and 

how much? Ans, He gained 16 cts. 

18* 
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6. A grocer bought 7^ dozen of eggs at 12 cents a dozen, 
8 dozen at 10^ cents a dozen, 9 dozen at 11 cents a dozen, 
and 10;J. dozen at 10 cents a dozen. He sells them so as to 
make 50 per cent, on the cost; how much did he receive per 
dozen? Ans, 16 J cents. 

6. Bought 4 cheeses, each weighing 50 pounds, at 13 cents 
a pound; 10, weighing 40 pounds eacli, at 10 cents a pound ; 
and 24, weighing 25 pounds each, at 7 cents a pound ; I sold 
the whole at an average price of 9^ cents a pound ; how much 
was my whole gain ? Ans. $6. 

4L02. Alligation Alternate is the process of finding the 
proportional quantities to be taken of several ingredients, 
whose prices or qualities are known, to form a mixture of a 
required price or quality. 

CASE I. 

403. To find the proportional quantity to be used 
of each ingredient, when th.e mean price or quality of 
the mixture is given. 

1. What relative quantities of timothy seed worth $2 a 
bushel, and clover seed worth $7 a bushel, must be used to 
form a mixture wof th $5 a bushel ? 

OPERATION. Analysis. Since on every in- 

X I 2 ) . gredient used whose price or qual- 

J. 3 j ^^^' ity i8 7e5*than the mean rate there 

will be a gaiUf and on every in- 
gredient whose price or quality is greater than the mean rate 
there will be a loss, and since the gains and losses must be exactly 
equal, the relative quantities used of each should be such as repre- 
sent the unit of value. By selling one bushel of timothy seed worth 
$2, for $5, there is a gain of $3 ; and to gain $1 would require J of 
a bushel, which we place opposite the 2, By selling one bushel of 
clover seed worth $7, for $5, there is a loss of $2 ; and to lose $1 
would require ^ of a bushel, which we place opposite the 7. 

In every case, to find the unit of value we must divide $1 by the 
gain or loss per bushel or pound, &c. Hence, if, every time we take 
J- of a bushel of timothy seed, we take ^ of a bushel of clover seed, 
the gain and loss will be exactly equal, and we shall have ^ and ^ 
for the proportional quantities. 
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If we wish to express the proportional numbers in integers, we 
may reduce these fractions to a common denominator, and use their 
numerators, since fractions having a common denominator are to 
each other as their numerators. ( 865) thus, \ and ^ are equal to 
f and |, and the proportional quantities are 2 bushels of timothy 
seed to 3 bushels of clover seed* 

2. What proportions of teas worth respectively 8, 4, 7 and 
10 shillings a pound, must be taken to form a mixture worth 
6 shillings a pound ? 

OPERATION. Analysis. To preserve the 

equality of gains and losses, we 
must always compare two prices 
or simples, one greater and one 
less than the mean rate, and 
treat each pair or couplet as a 
separate example. In the given 
example We form two couplets, 

and may compare either 3 and 10, 4 and 7, or 3 and 7, 4 and 10. 
We find that ^ of a lb. at 3 s. must be taken to gain 1 shilling, 

and ^ of a lb. at 10 s. to lose 1 shilling ; also ^ of a lb. at 4 s. to gain 

1 shilling, and 1 lb. at 7 s. to lose 1 shilling. These proportional 
numbers, obtained by comparing the two couplets, are placed in 
columns 1 and 2. If, now, we reduce the numbers in columns 1 and 

2 to a common denominator, and use their numerators, we obtain 
the integral numbers in columns 3 and 4, which, being arranged in 
column 5, give the proportional quantities to be taken of each.* 

It will be seen that in comparing the simples of any couplet, one 
of which is greater, and the other less than the mean rate, the pro- 
portional number finally obtained for either term is the difference 
between the mean rate and the other term. Thus, in comparing 3 
and 10, the proportional number of the former is 4, which is the 
difference between 10 and the mean rate 6 ; and the proportional 
number of the latter is 3, which is the difference between 3 and the 
mean rate. The same is true of every other couplet. Hence, when 
the simples and the mean rate are integers, the intermediate steps 
taken to obtain the final proportional numbers as in columns 1, 2, 3, 
and 4, may be omitted, and the same results readily found by taking 
the difference between each simple and the mean rate, and placing 
it opposite the one with which it is compared. 



* Pru£ A. B. Canfield, of Oneida Conference Seminary, N. T., used tbis method of 
Animation, ewientially, in the instruction of his classes bb early as 1846, and he was 
doubtless the author, of it. 
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From the foregoing examples and analyses we derire the following 

• Rule. I. Write the several prices or qualities in a column, 
and the mean price or quality of the mixture at the left, 

II. Form couplets by comparing any price or quality lees, 
with one that is greater than the mean rate, placing the part 
which must be used to gain I of the mean rate opposite the less 
simple, and the part thai must be used to lose 1 opposite the 
greater simple, and do the same for each siraplejn every couplet. 

IIL If the proportioned^ numbers are fractional, they may be 
reduced to integers, and if two or more stand in the same hori- 
zontal line, they must be added; thefiiud results will be the prg- 
portioned quantities required. 

Notes. 1. If the numbers m any couplet or colmnn have a com- 
mon factor, it may be rejected. 

2. We may also multiply the numbers in any couplet or colimm by 
any multiplier we choose, without affecting the equality of the gains 
and losses, and thus obtain an indefinite number of results, any one of 
which being taken will give a correct iinal result. 

EXAMPLES FOR PRACTICE. 

8. A grocer has sugars worth 10 cents, 11 cents, and 14 
cents per pound ; in what proportions may he mix them to 
form a mixture worth 12 cents per pound? 

An^. 1 lb. at 10 cts., and 2 lbs. at 11 and 14cts. 

4. What proportions of water at no value, and wine worth 
$1.20 a gallon, must be used to form a mixture worth 90 cents 
a gallon ? Ans. 1 gal. of water to 3 gals, of wine. 

5. A fanner had sheep worth $2, $2J, $3, and $4 per 
head ; what number could he sell of each, and realize an 
average price of 1^2^ per head ? 

Ans. 3 of the 1st kind, and 1 each of the 2d and 3d, 
and 5 of the 4th kind. 

6. What relative quantities of alcohol 80, 84, 87, 94, and 
96 per cent, strong must be used to form a mixture 90 per 
cent, strong ? 

Ans, G of the first two kinds, four of the 3d, 3 of the 4th^ 
and 16 of the 5th. 
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CASE 11. 

404. When the quantity of one of the simples is 
limited. 

1. A miller has oats worth 30 cents, corn worth 45 cents, 
and barley worth 84 cents per bushel ; he desires to form a 
mixture worth 60 cents per bushel, and which shall contain 40 
bushels of corn ; how many bushels of oats and barley must 
he take ? 

Analysis. By 
. the same process 

60 < 45 ^ 8 8 40 > Am. »« ^" ^^»® ^ ^^ 

find the propor- 
tional quantities 
of each to be 4 bushels of oats, 8 of com, and 10 of barley. But 
we wish to use 40 bushels of com, which is 5 times the propor- 
tional number 8, and to preserve the equality of gain and loss we 
must take 5 times the proportional quantity of each of the other 
simples, or 5 X 4 = 20 bushels of oats, and 5 X 10 = 50 bushels 
of barley. Hence the following 

Rule. JFmd the proportional quantities as in Case L 
Divide the ffiven quantity by the proportional quantity of the 
same in^fredient, and mvUipty each of the other proportional 
quantities by the quotient thus obtained. 

EXAMPLES FOR PRACTICE. 

2. A merchant has teas worth 40, 60, 75, and 90 cents per 
pound ; how many pounds of each must he use with 20 pounds 
of that worth 76 cents, to form a mixture at 80 cents. 

Ans. 20 lbs. each of the first three kinds, and 130 lbs. of 
the fourth. 

3. A farmer bought 24 sheep at $2 a head ; how many 
must he buy at $3 and $5 a head, that he may sell the whole 
at an average price of $4 a head, without loss ? 

Ans, 24 at $3, and 72 at $5. 

4. How much alcohol worth 60 cents a gallon, and how 
much water, must be mixed with 180 gallons of rum worth 
$1.30 a gallon, that the mixture may be worth 90 cents a 
gallon ? Ans. 60 gallons each of alcohol and water. 



«02 



ALLIGATION ALTERNATE. 



5, How many acres of land worth 35 dollars an acre must 
be added to a farm of 75 acres, worth $50 an acre, that the 
average value may be $40 an acre ? Arts, 150 acres. 

6. A merchant mixed 80 pounds of sugar worth 6J cents 
per pound with some worth 8 J cents and 10 cents per pound, 
so that the mixture was worth 7 j- cents per pound ; how much 
of each kind did he us«; ? * 

CASE III. 

4LOS. When the quantity of the whole compound is 
limited. ^ 

1. A grocer has sugars worth 6 cents, 7 cents, 12 cents, 
and 13 cents per pound. He wishes to make a mixture of 
120 pounds worth 10 cents a pound ; how many pounds of 
each kind must he use ? 
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Analysis. By Case 
I we find the propor- 
tional quantities of each 
to be 3 lbs. at 6 cts., 2 
lbs. at 7 cts., 3 lbs at 12 
cts., and 4 lbs. at 13 cts. 
By adding the propor- 
tional quantities, we find 
that the mixture would be but 12 lbs. while the required mixture is 
120, or 10 times 12. If the whole mixture is to be 10 times as much 
as the sum of the proportional quantities, then the quantity of each 
simple used must be 10 times as much as its respective proportion- 
al, which would require 30 lbs. at 6 cts., 20 lbs. at 7 cts., 30 lbs. at 
12 cts., and 40 lbs. at 13 cts. Hence we deduce the following 

Rule. Find the proportional numbers as in Case L Di- 
vide the given quantity hy the sum of the proportional quan- 
tities^ and multiply each of the proportional quantities hy the 
quotient thus obtained. 

EXAMPLES FOR PRACTICEk 

2. A farmer sold 170 sheep at an average price of 14 
shillings a head ; for some he received 9 s., for some 12 s., for 
some 18 s., and for others 208. ; how many of each did he 
sell ? Jns. 60 at 9 s., 40 at 12 s., 20 at 18 s., and 50 at 20 s. 
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3. A jeweler melted together gold 16, 18, 21, and 24 
carats fine, so as to make a compound of 51 ounces 22 carats 
fine ; how much of each sort did he take ? Ans. 6 ounces 
each of the first three, and 33 ounces of the last. 

4. A man bought 210 bushels of oats, corn, and wheat, and 
paid for the whole $178.50 ; for the oats he paid $J, for the 
com $2, and for ^e wheat $1JJ- per bushel ; how many bush- 
els of each kind did he buy ? Ans. 78 bushels each of oats 
and corn, and 54 bushels of wheat. 

5. A, B, and C are under a joint contract to furnish 6000 
bushels of corn, at 48 cts. a bushel ; A*s corn is worth 45 cts., 
B's 51 cts., and C's 54 cts. ; how many bushels must each put 
into the mixture that the contract may be fulfilled ? 

6. One man and 3 boys received $84 for 56 days* labor; the 
man received $3 per day, and the boys $J, $f , and $lf re- 
spectively ; hqw many days did each labor ? Ans, The man 
16 days, and the boys 24, 4, and 12 days respectively. 

INVOLUTION. 

406. A Power is the product arising from multiplying a 
number by itself, or repeating it several times as a factor; 
thus, in 2 X 2 X 2 = 8, the product, 8, is a power of 2. 

407. The' Exponent of a power is the number denoting 
how many times the factor is repeated to produce the power, 
and is written above and a little to the right of the factor; thus, 
2 X 2 X 2 is written 2^, in which 3 is the exponent. Exponents 
likewise give names to the powers, as will be seen in the 
following illustrations : 

8 = 3^ = 3, the first power of 3 ; 

3X3 = 32 = 9, the second power of 3 

3X3X3 = 33 zz: 27, the third power of 3. 

408. The Square of a number is its second power. 

409. The Cnbe of a number is its third power. 

410. Involution is the process of raising a number to a 
given power. 
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4:11* A Perfect Power is a numW that can be exactly 
produced by the involution of some number as a root ; thus, 25 
and 32 are perfect powers, since 25 = 5 X 5, and 32 = 2 X 
2X2X2X2. 

L What is the cube of 15 ? 

OPERATION. Analysis. We multiply 

15 X 15 X 15 = 3375. Ans. ^^ ^y ^^' *^^ ^^® product 

by 15, and obtain 3375, 
which is the 3d power, or cube of 15, since 15 has been taken 3 
times as a factor. Hence, we have the following 

Rule. Multiply the number by itself as many times, less 1, 
€U there are units in the exponent of the required power. 

EXAMPLES FOR PRACTICE. 

2. What is the square of 25 ? Ans. 625. 

8. What is the square of 135 ? Ans. 18225. 

4. What is the cube of 72? Ans. 373248. 

5. What is the 4th power of 24? Ans. 331776. 

6. Raise 7.2 to the third power. Ans. 373.248. 

7. Involve 1.06 to the 4th power. Ans. 1.26247696. 

8. Involve ,12 to the 5th power. Ans. .0000248832. 

9. Involve 1.0002 to the 2d power. Ans. 1.00040004. 

10. What is the cube of |? 

OPERATION. 

A -1 2 2X2X2 _2^ 8_ 

5'^5'^5 "5X5X5"" 53"" 125 
It is evident from the above operation, that 
A common fraction may be raised to any power, by raising 
ecich of its terms, separately, to the required power. 

11. What is the square of f ? Ans. ^. 

12. What is the cube of IJ ? Ans. f+fj. 

13. Raise 24J to the 2d power. Ans. 612^. 

EVOLUTION. 
# 
413. A Eoot is a factor repeated to produce a power ; 
thus, in the expression 5 X 5 X 5 = 125, 5 is the root from 
which the power, 125, is produoed. 
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4113. Evolution is the process of extracting the root of a 
number considered as a power, and is the reverse of Involution. 

4:14. The Eadi3al Sign is the character, V> which, placed 
l^efore a number, denotes tfiat its root is to be extracted. 

415. The Index of the root is the figure placed above the 
radical sign, to denote what root is to be taken. When no 
index i^ written, the index 2 is always understood. 

416. A Snrd is the indicated root of an imperfect power. 

417. Roots are named from the corresponding powers, as 
will be seen in the following illustrations : 

The sjiuare root of 9 is 3, Wwtten -y/ 9 z= 3. 
The cube root of 27 is 3, written y/27 = 3. 
The fourth root of 81 is 3, written -y^Sl = 3. 

418. >Any number whatever may be considered a power 
whose r0ot«s to be extracted ; but only the perfect powers can 
have exact roots. 

SQTJAHE^ l gLOOTj. 

419. The Sqnare Root of a number is one of the two 
equal factors that produce the number ; thus the square root 
of 49 is 7, for 7 X 7 = 49. 

430. In extracting the square root, the first thing to be 
determined is the relative number of places in a given number 
and its square root. The law governing this relation is exhib- 
ited in the following examples : — 



Roots. 


Squnres. 


Boot!. 


Sqnarefl. 


1 


1 


1 


1 


9 


81 


10 


1,00 


99 


98,01 


100 


1,00,00 


999 


99,80,01 


1000 


1,00,00,00 



From these examples we perceive 

1st. That a root consisting of 1 place may have 1 or 2 
places in the square. 

2d. That in all cases the addition of 1 place to the root 
adds 2 places to the square. Hence, 
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If we paint off a number into two-Jigure periods^ commen- 
cing at the right hand^ the number of fuU periods and the left 
handfuU or partial period will indicate the number of places 
in the square root ; the highest period answering to the highest 
figure of the root. 

4:31* 1* What is the length of one side of a square plat 
containing an area of 5417 sq. fl. ? 

OPERATION. Analysis. Since the given figure is 

54,17 I 73.6 a square, its side will be the square root 

49 of its area, which we will proceed to com- 

Z~Z pute. Pointing oflF the given number, the 

140 017 2 periods show that there will be two in- 

143 429 tegral figures, tens and units, in the root. 

146.0 88.00 '^^® *®^® ®^ ^^® '^^^ must be extracted 

146 6 87 96 ^®™ ^^® ^^^ ®^ ^®^ hand period, 54 hun- 

'- '- dreds. The greatest square in 54 hun- ^ 

4 dreds is 49 hundreds, the square of 7 tens ; 

we therefore write 7 tens in the root, at 
the right of the given number. 
Since the entire root is to be the side of a square, let us form a 
Fig I. square (Fig. I), the side of which is 70 feet long. 

The area of this square is 70 X 70 = 4900 sq. ft., 
which we subtract from the given number. This 
is done in the operation by subtracting the 
square number, 49, from the first period, 54, 
and to the remainder bringing down the sec- 
ond period, making the entire remainder 517. 
If we now enlarge our square (Fig. I) by the addition of 517 
square feet, in such a manner as to preserve the square form, its 
size will be that of the required square. To preserve the square 
form, the addition must be so made as to extend the square equally 
in two directions ; it will therefore be composed of 2 oblong figures 
at the sides, and a little square at the corner (Fig. II). Now, the 
toidth of this addition will be the additional length to the side of the 
square, and consequently the next figure in the root. To find voidth 
we divide square contents, or area, by length. But the length of 
one side of the little square cannot be found till the width of the 
addition be determined, because it is equal to this width. We will 
therefore add the lengths of the 2 oblong figures^ and the sum will 
be sufficiently near tlie whole length to be used as a trial divisor. 
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Viz.IL 



« 


8 


70 





i 
' 70 


70 


3 


Trial Divisor = 140 




Complete Divi»or« 148 





Each of the oblong figures is equal in length to the side of the 
square first formed ; and their united length 
is 70 + 70 = 140 ft. (Fig. III). This num- 
ber is obtained in the operation by doubUng 
the 7 and annexing 1 cipher, the result being 
written at the left of the dividend. Dividing 
517, the area, by 140, the approximate length, 
we obtain 3, the probable width of the addi- 
tion, and second figure of the root. Since 3 is 
also the side of the Uttle square, we can now 
find the entire length of the addition, or the complete divisor, which 

is70 + 70 + 3=143(Fig.III). 
^' * This number is found in the oper- 

ation by adding 3 to the trial di- 
visor, and writing the result un- 
derneath. Multiplying the com- 
plete divisor, 143, by the trial 
quotient figure, 3, and subtracting 
the product from the dividend, we 
obtain another remainder of 88 square feet. With this remainder, 
for the same reason as before, we must proceed to make a new 
enlargement ; and we bring down two decimal ciphers, because the 
next figure of the root, being tenths, its square will be hundredths. 
The trial divisor to obtain the width of this new enlargement, 
or the next figure in the root, will be, for the same reason as 
before, twice 73, the root already found, with one cipher annexed. 
But since the 7 has already been doubled in the operation, we have 
only to double the last figure of the complete divisor, 143, and 
annex a cipher, to obtain the new trial divisor, 146.0. Dividing, we 
obtain .6 for the trial figure of the root ; then proceeding as before, 
we obtain 146.6 for a complete divisor, 87.96 for a product; and 
there is still a remainder of .04. Hence, the side of the given 
square plat is 73.6 feet, nearly. From this example and analysis 
we deduce the following 

Rule. I. Point off ike given number into periods of two 
figures each, counting from unites place toward the left and 
right. 

IF. Find the greatest square number in the left hand period, 
and write its root for the first figure in the root; subtract the 
square number from the left hand period, and to the remainder 
^rifig dawn the next period for a dividend* 
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III. At the left of the dividend write twice the first figttre of 
the root, and annex one cipher, for a trial divisor ; divide the 
dividend hy the trial divisor, and write the quotient for a trial 
figure in the root, 

IV. Add tile trial figure of the root to the trial divisor for a 
complete divisor ; multiply the complete divisor hy the trial 
figure in the root, and subtract the product from the dividend, 
and to the remainder bring down the next period for a new 
dividend, 

V. To the last complete divisor add the last figure of the 
toot, and to the sum annex one cipher, for a new trial divisor^ 
with which proceed as before. 

Notes. 1. If at any time the product be greater than the dividend, 
diminish the trial figure of the root, and correct the erroneous work. 

2. If a cipher occur in the root, annex another cipher to the trial 
divisor, and another period to the dividend, and proceed as before. 

EXAMPLES FOR PRACTICE. 

2. What is the square root of 406457.2516 ? 

OPERATION. 

40,64,57.25,16 | 637.54, An$. 





120 


36 


Trial divisor, 


464 


Complete « 


123 


369 


Trial « 


1260 


9557 


Complete « 


1267 


8869 


Trial « 


1274.0 


688.25 


Complete « 


1274.5 


637.25 


Trial « 


1275.00 


51.0016 


Complete « 


1275.04 


51.0016 



' Notes. 3. The decimal points in the work may be omitted, care 
being taken to point oflf in the root according to the nimiber of deci- 
mal periods used. 

4. The pupil will acquire greater facility, and secure greater accura- 
cy, by keeping units of like order under each other, and each divisor 
opposite the corresponding dividend, by the use of the lines, as shown 
in the operation. 

3. What is the square root of 576 ? Ans, 24. 
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4. What is the square root of 6561 ? Ans, 81. 

5. What is the square root of 444889 ? Ans. 667. 

6. What is the square root of 994009 ? Ans. 997. 

7. What is the square root of 29855296 ? ^ns. 5464. 

8. What is the square root of 34%6^844bl ? Ans. 59049. 

9. What is the square root of 54819198225 ? 

Note. The cipher in the trial divisor may be omitted, and its -place, 
«fter division, occupied by the trial root figure, thus forming in suc- 
cession only complete divisors. 

10. What is the square root of 2 ? 

2. [1.4142+ , Ans. 
1 



24 


100 
96 


281 


400 
281 


2824 


11900 
11296 


28282 


60400 
56564 



11. Extract the square roots of the following numbers: 



V3 = 1.7320508 + 
V5 = 2.2360679 + 
V6 = 2.4494897 + 



V7 = 2.6457513 + 
V8 = 2.8284271 + 
VIO = 3.1622776 + 



12. What is the square root of .00008836 ? Ans. .0094. 

13. What is the square root of .0043046721 ? Ans. .06561. 

Notes. 5. The square root of a common fraction may be obtained 
by extracting the square roots of the numerator and denominator 
separately, provided the terras are perfect squares; otherwise, the 
fraction may first be reduced to a decimal. 

6. Mixed numbers may be reduced to the decimal form before ex- 
tracting the root ; or, if the denominator of the fraction is a perfect 
square, to an improper fraction. 

14. Extract the square root of ^Vr* ^^^' f i' 

15. Extract the square root of Jg^^f. Ans. J. 
16 Extract the square root of f. Ans. .816496 -f. 
17. Extract the square root of 17f. Ans. 4.1683 + 



810 



IVOLUTION. 




APPLICATIONS. 

4:S3. An Angle is the opening between two lines that 
meet each other ; thus, the two lines, A B and A C, meeting; 
form an angle at A. 

4:23. A Triangle is a figure having three 
sides and three angles, as A, B, C. 

434. A Bight-Angled Triangle is a tri- 
angle having one right angle, as at C. 

4S5. The Base is the side on which it 
stands, as A, C. 

426. The Perpendicular is the side 
forming a right angle with the base, as B, C. 

427. The Hypotenuse is the side opposite the right angle, 
as A, B. 

428. Those examples given below, which relate to trian- 
gles and circles, may be solved by the use of the two following 
principles, which are demonstrated in geometry. 

Ist. The square of the hypoteniise of a right-angled triangle 
is equal to the sum of the squares of the other two sides, 

2d. The areas of two circles are to each other as the squares 
of their radii, diameters, or circumferences. 

1. The two sides of a right-angled triangle are 3 and 4 
feet ; what is the length of the hypotenuse ? 

Analysis. Squtaring 

OPERATION. the two sides and add- 

32 = 9, square of one side. ing, we find the sum to 

42 = 16, square of the other side- ^ 25 ; and since the sum 

— IS equal to the square of 

25, square of hypotenuse. the hj-potenuse, we ex- 

725 = 5 Ans. tract the square root, and 

obtain 5 feet, the hypot- 
enuse. Hence, 

To find the hypotenuse. Add the squares of the two sides, 
and extract the square root of the sum. 

To find either of the shorter sides. Subtract the square of 
the given side from the square of the hypotenuse, and extract the 
square root of the remainder. 
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EXAMPLES FOR PRACTICE. 

2. If an army of 55225 men be drawn up in the form of a 
square, how many men will there be oh a side ? Ans, 235. 

3. A man has 200 yards of carpeting 1^ yards wide ; what 
is the length of one side of the square room which this carpet 
will cover ? Ans. 45 feet. 

4. How many rods of fence will be required to inclose 10 
acres of land in the form of a square ? Ans. 1 60 rods. 

5' The top of a castle is 45 yards high, and the castle is sur- 
rounded by a ditch 60 yards wide ; required the length of a 
rope that will reach from the outside of the ditch to the top 
of the castle. Ans. 75 yards. 

6. Required the height of a May-pole, which being broken 
39 feet from the top, the end struck the ground 15 feet from 
the foot. ♦ Ans. 75 feet. 

7. A ladder 40 feet long is so placed in a street, that 
without being moved at the foot, it will reach a window on 
one side 33 feet, and on the other side 21 feet, from the 
ground ; what is the breadth of the street ? Ans. 56.64 -|- ft. 

8. A ladder 52 feet long stands close against the side of a 
building ; how many feet must it be drawn out at the bottom, 
that the top may be lowered 4 feet ? Ans. 20 feet. 

9. Two men start from one comer of a park one mile 
square, and travel at the same rate. A goes by the walk 
around the park, and B takes the diagonal path to the opposite* 
corner, and turns to meet A at the side. How many rods 
from the corner will the meeting take place ? Ans. 93.7 + i*ods. 

10. A room is 20 feet long, 16 feet wide, and 12 feet high ; 
what is the distance from one of the lower corners to the op- 
posite upper comer ? Ans. 28.284271 + feet. 

11. It requires 63.39 rods of fence to inclose a circular 
field of 2 acres; what length wiU be required to inclose 3 
acres in circular form? Ans. 77.63+ rods. 

12. The radius of a certain circle is 5 feet ; what will be 
the radius of another circle containing twice the area of the 
first? Ans. 7.07106 + feet 
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CUBE ROOT. 

439* The Cube Boot of a number is one of the three 
equal factors that produce the number. Thus, the cube root 
of 27 is 3, since 3 X 3 X 3 = 27. 

4L30* In extracting the cube root, the first thing to be 
determined is the relative number of places in a cube and its 
root. The law governing this relation is exhibited in the fol- 
lowing examples : — 



Boots. 


Cubes. 


Boots. 


OabM. 


1 


1 


1 


1 


9 


729 


10 


1,000 


99 


907,299 


100 


1,000,000 


999 


997,002,999 


1000 


1,000,000,000 



From these examples, we perceive, 

1st. That a root consisting of 1 place maj have from 1 to 
8 places in the cube. 

2d. That in all cases the addition of 1 place to the root 
adds three places to the cube. Hence, 

Jf we 'point off a number into three-Jigure periods^ com- 
mencing at the right hand, the number of full periods and the 
left hand fvR or partial period will indicate the number of 
places in the cube root, the highest period answering to the 
highest figure of the root. 

4:31. 1. What is the length of one side of a cubical block 
containing 413494 solid inches ? 

OPERATION— COMMENCED. ANALYSIS. Since the block is a 
413494 I 74 cube, its side will be the cube root of 

343 its solid contents, which we will pro- 

14700 70494 ^^^^ ^ compute. Pointing off the 

given number, the two periods show 
that there will be two figures, tens and 
units, in the root. The tens of the root must be extracted from the 
first period, 413 thousands. The greatest cube in 413 thousands is 
343 thousands, the cube of 7 tens ; we therefore write 7 tens in the 
root at the right of the given number. 
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SIS 




Since the entire root is to be the side of a cube, let us form a 

cubical block (Fig. I), the side 
of which is 70 inches in length. 
The contents of this cube are 
70 X 70 X 70 1= 343,000 soUd 
inches, which we subtract from 
the given number. Tliis is done 
in the operation by subtracting 
the cube number, 343, from the 
first period, 413, and to the re- 
mainder bringing down the sec- 
■ ond period, making the entire 
remainder 70494. 

If we now enlarge our cubical 
block, (Fig. I), by the addition of 70494 solid inches, in such a 
manner as to preserve the cubical form, its size will be that of 
the required block. To preserve the cubical form, the addition 
must be made upon three adjacent sides or faces. The addition 
will therefore be composed of 3 flat blocks to cover the 3 faces, 
(Fig. II) ; 3 oblong blocks to fill the vacancies at the edges, 
(Fig. Ill) ; and 1 small cubical block to fill the vacancy at the cor- 
ner, (Fig. IV). Now, the thickness of this enlargement will be the 
additional length of the side of the cube, and, consequently, the 
second figure in the root. To find thickness, we may divide solid 
^»g- ii* contents by surface, or area. 

But the area of the 3 oblong 
blocks and little cube cannot 
be found till the thickness of 
the addition be determined, be- 
cause their common breadth is 
equal to this thickness. We will 
therefore find the area of the 
three flat blocks, which is suffi- 
ciently near the whole area to be 
used as a trial divisor. As these 
are each equal in length and 
breadth to the side of the cube 
whose faces they cover, the whole 
area of the three is 70 X 70 X 
3 = 14700 square inches. This number is obtained in the operation 
by annexing 2 ciphers to three times the square of 7 ; the result 
being written at the left hand of the dividend. Dividing, w^e obtain 
RP. U 
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Fig. Ill 




OPERATION — CONTINUED. 
413494 ] 

I. IT. 343 ■■ 



74 



4, the probable thickness of the addition, and second figure of the 

root. With this assumed figure, 
we will complete our divisor by 
adding the area of the 4 blocks, 
before undetermined. The 3 ob- 
long blocks are each 70 inches 
long ; and the little cube, being 
equal in each of its dimensions 
to the thickness of the addition, 
must be 4 inches long. Hence, 
their united length is 70 4- 70 
+ 70-1-4 = 214. This number 
is obtained in the operation by 
multiplpng the 7 by 3, and an- 
nexing the 4 to the product, the 
result being written in column 
I, on the next line below the 
trial divisor. Multiplying 214, 
the length, by 4, the common 
width, we obtain 856, the area of 
the four blocks, which added to 
14700, the trial divisor, makes 
15556, the complete divisor ; and 
multiplying this by 4, the second 
figure in the root, and subtract- 
ing the product from the divi- 
dend, we obtain a remainder oi 
8270 solid inches. With this re- 
mainder, for the same reason as 
before, we must proceed to make 
a new enlargement. But since 
we have already two figiu*es in 
the root, answering to the two 
periods of the given number, 
the next figure of the root must 
be a decimal ; and we therefore 
annex to the remainder a period 
of three decimal ciphers, mak- 
ing 8270.000 for a new dividend. 
The trial divisor to obtain the 
thickness of this second enlarge- 
ment, or the next figure of the root, will be the area of three new flat 
blocks to cover the three sides of the cube already formed ; and tliis 



214 856 



14700 
15556 



70494 
62224 



8270.000 



Fig. IV. 
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I. 


II. 




343 


214 


856 


14700 
15556 


70494 
62224 


222.5 


111.25 


1642800 
16539.25 


8270.000 
8269.625 



.375 



surface, (Fig. IV,) is composed of 1 face of each of the flat blocl?s 
already used, 2 faces of each of the oblong blocks, and 3 faces of 
the little cube. But we have in the complete divisor, 15556, 1 
face of each of the flat blocks, oblong blocks, and little cul)e ; 
and in the correction of the trial divisor, 856, 1 face of each of 
the oblong blocks and of the little cube; and in the square of 
the last root figure, 16, a third face of the little cube. Hence, IG 
-|- 856 -|- 15556 z= 16428, the significant figures of the new trial 

divisor. Thig 
OPERATION — CONTINUED. number is ob- 

413494 I 74.5 tained in tbe 
operation by 
adding the 
square of the 
last root fig- 
ure mentally, 
and combin- 
ing units of 
like order, 

thus: 16, 6, and 6 are 28, and we write the unit figure in the new 
trial divisor ; then 2 to carry, and 5 and 5 are 12, &c. We annex 
2 ciphers to this trial divisor, as to the former, and dividing, obtain 
5, the third figure in the root. To complete the second trial di- 
visor, after the manner of the first, the correction may be found by 
annexing .5 to 3 times the former figures, 74, and multiplying this 
number by .5. But as we have, in column I, 3 times 7, with 4 
annexed, or 214, we need only multiply the last figure, 4, by 3, 
and annex .5, making 222.5, which multiplied by .5 gives 111.25, 
the correction required. Then we obtain the complete divisor, 
16539.25, the product, 8269.625, and the remainder, .375, in the 
manner shown by the former steps. From this example and analysis 
we deduce the following 

Rule. I. Point off the given number into periods of three 
figures each, counting from units' place toward the left and right, 

II. Find the greatest cube that does not exceed the left hand 
period, and write its root for the first figure in the required 
root ; subtract the cube from the left hand period, and to the 
remainder bring down the next period for a dividend, 

III. At the left of the dividend write three times the square 
of the first figure of the root, and annex two ciphers, for a trial 
divisor ; divide the dividend by the trial divisor, and write the 
quotient for a trial figure in the root. 
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IV. Annex the trial figure to three times the former figure^ 
and write the result in a column marked I, one line below the 
trial divisor ; multiply this term hj the trial figure^ and write 
the product on the same line in a column marked II ; add this 
term as a correction to the trial divisor, and the result will be 
the complete divisor. 

V. Multiply the complete divisor by the trial figure, and 
subtract the product from the dividend, and to the remainder 
bring down the next period for a new dividend. 

VI. Add the square of the last figure of the root, the last 
term in column II, and the complete divisor together, and annex 
two ciphers, for a new trial divisor ; with which obtain an^ 
other trial figure in the root, 

VII. Multiply the unit figure of the last term in column T 
hy 3, and annex the trial figure of the root for the next term 
f)f column I ; multiply this result hy the trial figure of the root 
for the next term of column II ; add this term to the trial 
divisor for a complete divisor, with which proceed as before. 

Notes. 1. If at any time the product be greater than the dividend, 
diminish the trial figure of the root, and correct the erroneous work. 

2. If a cipher occur in the root, annex two more ciphers to the 
trial divisor, and another period to the dividend ; then proceed as be- 
fore with column I, annexing both cipher and trial figure. 

EXAMPLES FOR PRACTICE. 

1. What is the cube root of 79.112 ? 

OPERATION. 

79.112 I 4.2928 + , ^n^j 
64. 







4800 15112 


122 


244 


5044 10088 






529200 5024000 


1269 


11421 


540621 4865589 






55212800 158411000 


12872 


20744 


55238044 110476088 






5526379200 47934912000 


128768 


1030144 


5527409344 44219274752 





3714637248 rem. 



niS^ p 
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2. What is the cube root of 84604519 ? Ans. 439. 

3. What is the cube root of 2357947691 ? Ans, 1331. 
- 4. What is the cube root of 10963240788375 ? Ans. 22215 

-5. What is the cube root of 27t)671^77T)32l89fe96 ? 

Ans. 646866. 
6. What is the cube root of .091125 ? Ans. .45. 

-7. What is the cube root of .000529475129 ? Ans. .0809 
8. What is the approximate cube root of .008649 ? 

Ans. .2052 -f. 
Extract the cube roots of the followinpr numbers : — 



72 == 1.259921-f 
-^3 = 1.442249-f 
4^4 = 1.58740l4- 



-^5 = 1.709975H- 

-^6= 1.817120+ 

• -^7 = li)1293l4- 



APPLICATIONS IN tCJUB^^^OOTp 

1. What is the length of one side of a cistern of cubical 
form, containing 1331 solid feet? Ans. 11 feet. 

2. The pedestal of a certain monuVnent is a square block of 
granite, containing 373248 solid inches ; what is the length 
of one of its sides ? Ans. 6 feet. 

3. A cubical box contains 474552 solid inches ; what is 
the area of one of its sides ? Ans. 42^ sq. ft. 

4. IIoW much paper will be required to make a cubical 
box which shall contain § J of a solid foot ? Ans. f of a yard. 

5. A man wishes to make a bin to contain 125 bushels, of 
equal width and depth, and length double the width; what 
must be its dimensions ? Ans. Width and depth, 51.223 -(- 
inches; length, 102.446 + inches. 

Note. Spheres are to each other as the cubes of their diameters or 
circumferences. 

6. There are two spheres whose solid contents are to each 
other as 27 to 343 ; what is the ratio of their diameters ? 

Analysis. Since spheres are to each other as the cubes of their 
diameters, the diameters will be to each other as the cube roots of 
the spheres ; and -2^27 ^= 3, 4^343 = 7 ; hence the diameters required 
are as 3 to 7. C ' 
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7. The diameter of a sphere containing 1 solid foot is 14.9 
inches ; what is the diameter of a sphere containing 2 solid 
feet? Ans. 18.7 -h inches. 

«. II* a cable 4in. in circumference, will support a sphere -Jft 
in diameter, what is the diameter of that sphere which will be 
iupported by a cable Sin, in circumference? Ans. 2,32-^(1, 

ARITHMETICAL PROGRESSION. 

433. An Arithmetical Progression, or Series, is a series 
of numbers increasing or decreasing by a common difference. 
Thus, 3, 5, 9, 11, &c., is an arithmetical progression with an 
ascending series, and 13, 10, 7, 4, &c., is an arithmetical pro- 
gression with a descending series. 

4SI3. The Terms of a series are the numbers of which it 
is composed. 

4:i4. The Extremes are the first and last terms. 

433. The Means are the intermediate terms. 

436. The Gammon Difference is the difference between 
any two adjacent terms. 

437* There are Jive parts in an arithmetical series, any 
three of which being given, the other two may be found. 
They are as follows : the Jirst term, last term, common differ^ 
ence, number of terms, and sum of all the terms. 

CASE I. 

43S. To find the last term when the first term, 
common difference, and number of terms are given. 

Let 2 be the first term of an ascending series, and 3 the 
common difference; then the series will be written, 2, 5, 8, 11, 
14, or analyzed thus : 2, 2-1-3, 2-|-3 + 3, 2 + 3 + 3 + 3, 
2 + 3 + 3 + 3 + 3. 

Here we see that, in an ascending series, we obtain the 
second term by adding the common difference once to the first 
term ; the third, term, by adding the common difference twice 
to the first term; and, in generajj we obtain any term by 
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adding the common difference cls many times to the first term 
as there are terms less one. 

Note. The analysis for a descending series would be similar. 
Hence, 

Rule. Multiply the common difference by the number of 
terms less . one, and add the product to the first term, if the 
series he ascending, and subtract it if the series be descending, 

EXAMPLES. 

1. Tha first term of an ascending series is 4, the common 
difierence 3, and the number of terms 19 ; what is the last 
term? Ans, 58. 

2. What is the 13th term of a descending series whose first 
term is 75, and common difierence 5 ? Ans. 15. 
^ 3. A boy bought 18 hens, paying 2 cents for the first, 5 
cents for the second, and 8 cents for the third, in arithmetical 
progression ; what did he pay for the last hen ? 

4. What is the 40th term of the series ^, f , 1, 1\, &e. ? 

Ans. lOJ. 

5. A man travels 9 days ; the first day he goes 20 miles, 
the second 2>5 miles, increasing 5 miles each day; how face 
does he travel the last day of his journey ? Ans. 60 miles. 

6. What is the amount of $100, at 7 per cent, for 45 
years ? $100 -f $7 X 45 z= $415, Ans. 

/<3ASE II. 

49^9* To find the common difference when the 
extretnes and number of terms are given. 

Referring to the series, 2, 5, 8, 11, 14, analyzed in 4:38, 
we readily see that, by subtracting the first term from any 
term, we have left the common difference taken as many times 
as there are terms less one ; thus, by taking away 2 in the 
fifth term, 2+3 + 3 + 3 + 3, we have 3 taken 4 times. 
Hence, 

HuLE. Divide the difference of the extremes by the number 
of terms less one. 
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EXAMPLES. 

1. The first term is 2, the last term is 17, and the number 
of terms is 6 ; what is the common difference ? Ans. 3. 

2. A man has seven children, whose ages are in arithmetical 
progression ; the youngest is 2 years old, and the eldest 1 4 ; 
what is the common difference of their ages ? Ans, 2 years. 

3. The extremes of an arithmetical series are 1 and 50^, 
and the number of terms is 34 ; what is the common difference ? 

4. An invalid commenced to walk for exercise, increasing 
the distance daily by a common difference ; the first day be 
walked 3 miles, and the 14th day 9^ miles ; how many miles 
did he walk each day ? 

Note. WTien we have found the common difference we may add it 
once, twice, &c., to the first term, and we Lave the series, and conse- 
quently the means. 

Ans. 3, 3i, 4, 4^, 5, 5|, &c. 

CASE III. 

44LO. To find the number of terms when the ex- 
tremes and common diflFerence are given. 

Examining the series, 2, 5, 8, 11, 14, analyzed in 438^ 
we also see that after taking away the Jirst term from any 
term, we have left the common difference taken as many 
times as the number of terms, less 1. Hence, 

Rule. Divide the difference of the extremes by the common 
difference^ and add 1 to the quotient 

EXAMPLES. 

1. The extremes are 7 and 43, and the common difference 
is 4; what is the number of terms ? Ans. 10. 

2. The first term is 2^, the last term is 40, and the common 
difference is 7J ; what is the number of terms ? Ans, 6. 

3. A laborer agreed to build a fence on the following con- 
ditions: for the first rod he was to have 6 cents, ^ith an 
increase^of 4 cents on each successive rod ; the last rod came 
to 226 cents ; how many rods did he build ? Ans. 56 rods. 
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CASE IV. 

441. To find the sum of all the terms when the 
extremes and number of terms are given. 

To deduce a rule for finding the sum of all the terms, we 
will take the series 2, 5, 8, 11, 14, writing it under itself in an 
inverse order, and add each term ; thus, 

2+5+ 8 + ll-fl4 = 40, once the sum. 
14 + 11+ 8+ 5+ 2 = 40, " « " 
16 + 16 + 16 + 16 + 16 = 80, twice the sum. 

Here we perceive that 16, the sum of the extremes, multi- 
plied by 5, the number of terms, equals 80, which is twice the 
sum of the series. Dividing 80 by 2 gives 40, which is the 
sum required. Hence, 

Rule. Multiply the sum nf the extremes hy the number of 
terms, and divide the product b^ 2. 

examp: KS. 

1. The extremes are 5 aiMl.32, and the number of terms 12 ; 
what is the sum of all the terms?. Ans, 222. 

2. How many. strokes does a cc^nmon clock make in 12 
hours ? Ans, 78 strokes. 

3. What debt car\i^|^^scha™|Liir a year by weekly pay- 
ments in arithmetical progni|slbn,TKe u-s^ being $24, and the 
last $1224? I Ans, $32448. 

4. Suppose 100 apples were placed in a 'ine 2 yards apart, 
and a basket 2 yards from the first apple ; how far would a 
boy travel to gather them up singly, and return w»th each 
separately to the basket ? Ans, 20200 yards. 



GEOMETRICAL PROGRESSION. 

443. A Geometrical Progression is a series of number* 
increasing or decreasing by a constant multiplier. 

When the multiplier is greater than a unit, the serieii I3 
14* 
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ascending \ thus, 2, 6, 18, 54, 162, is an ascending series, in 
which 3 is the multiplier. 

When the multiplier is less than a unit, the series is descend-' 
ing; thus, 1G2, 54, 18, 6, 2, is a descending series, ip which ^ 
is the multiplier. 

443* The Batio is the constant multiplier. 

4 '1 4. In every geometrical progression there are five 
parts to be considered, any t/wee of which being given, the 
other hvo may be determined. They are as follows: The^rs^ 
term, last term, ratio, number of terms, and the sum of aU the 
terms. 

The first and last terms are the extremes, and the interme- 
diate terms are the meajis. 

CASE I. 

445. To find any term, the first term, the ratio, 
and number of terms being given. 

The first term is supposed to exist independently of the 
ratio. Using the ratio once as a factor, ^e have the second 
term ; using it twice, or its second power, we have the third 
term ; using it three times, or its third power ^ we have the 
fourth term ; and, in general, the power of the ratio in any 
term is one less than the number of the term. The ascending 
series, 2, 6, 18, 54, may be analyzed thus: 2, 2 X 3, 2 X 
3X3, 2X3X3X3. 

In this illustration we see that 

1st term, 2, is independent of the ratio. 

2d " 6 = 2 X 3 = the first term into the 1st power of 
fhe ratio. 

3d term, 18 = 2 X 3 2 = the first term into the 2d power 
o{ the ratio. 

4th term, 54 =: 2 X 3 ^ = the first term into the 3d power 
of the ratio. Hence 

RuLK. Multiply the Jlrst term hy that power of the ratio 
denoted hy the number of terms less 1. 
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EXAMPLES. 

!• The first term of a geometrical series is 4, the ratio is 8 ; 
what is the 9th term ? Ans. 4X3® = 26244. 

2. The first term is 1024, the ratio i, and the number of 
terms 8 ; what is the last term ? Ans. ^^, 

8, A boy bought 9 oranges, agreeing to pay 1 mill for the 
first orange, 2 mills for the second, and so on ; what did the 
last orange cost him ? Ans, $.256, 

4. The first term is 7, the ratio ^, and the number of terms 
7 ; what is the last term ? Ans, x^ j^uy. 

5. What is the amount of $1 at compound interest for 5 
years, at 7 per cent, per annum ? Ans. $1.40255 -f-. 

Note. In the above example the first term is $1, the ratio is $1.07, 
and the number of terms is 6. 

6. A drover bought 7 oxen, agreeing to pay $3 for the first 
ox, $9 for the second, $27 for the third, and so on ; what did 
the last ox cost him ? Ans, $2187.' 

CASE II. 

446. To find the sum of all the terms, the ex- 
tremes and ratio being given. 

If we take the series 2, 8, 32, 128, 512, in which the ratio 
is 4, multiply each term by the ratio, and add the terms thus 
multiplied, we shall have 

8 + 32 + 128 + 512 + 2048 = 2728 ==:{^^{i--f,rmV"°' 

But 2 + 8 + 3 2 + 128 + 512 = 682 = } STUm J""" ""^ *" 

Hence, by subtracting, we get 2048-2=2046 =={,?iruhr2m8.'"^ 
Dividing by 3, the ratio less one, 2046-^3=682={t^J,*,';jJ'^"^ °^ *" 

The subtraction is performed by taking the lower line or 
series from the upper. All the terms cancel except 2048 and 
2. Taking their difierence, which is 3 times the sum, and di 
viding by 3, the ratio less one, we must have the sum of all 
the terms. Hence 
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Rule. Multiply the greater extreme by the ratio^ subtract 

the less extreme from the product, and divide the remainder 

by the ratio less 1. 

Note. Let every decreasing series be inverted, and the first term 
called the last ; then the ratio will be greater than a unit. If the scries 
be inJinUe, the first term ia a cipher. 

EXAMPLES. 

1. The first terra is 2, the last term 512, and the ratio 3 ; 
what is the sum of all the terms ? Ans. 7G7. 

2. The first term is 4, the last term is 262144, aod the 
ratio is 4 ; what is the sura of the series ? Ans. 349524. 

3. The first term of a descending series is 162, the last 
term 2, and the ratio ^ ; what is the sum ? Ans. 242. 

4. What is the value of |, ^\, yj^, &c., to infinity ? A?is. J. 

Note. In the following examples we first find the last term by the 
Rule under Case I. 

5. What yearly debt can be discharged by monthly pay- 
ments, the first being $2, the second $6, and the third $18, 
and so on, in geometrical progression ? Ans. $531440. 

6. If a grain of wheat produce 7 grains, and these be sown 
the second year, each yielding the same increase, how many 
bushels will be produced at this rate in 12 years, if 1000 grains 
make a pint? Ans. 252315 bu. 4^ qt. 

7. Six persons of the Morse family came to this country 
200 years ago; suppose that their number has doubled every 
20 years since, what would be their number now ? 

Note. The other cases in Progression will be found in the Higher 
Arithmetic. 
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1. One half the sum of two numbers is 800, and one half the 
difference of the same numbers is 200 ; what are the numbers ? 

Ans. 1000 and 600. 

2. What number is that to which, if you add | of ^\ of itself, 
the sum will be 61 ? Aiis, 55. 

3. What part of a day is 3 h. 21 min. 15 860.? Ans. ^^. 
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4. A commission merchant received 70 bags of wheat, each con- 
taining 3 bu. 3 pk. 3 qt. j how many bushels did he receive ? 

5. Four men, A, B, C, and D, are in possession of $1100; A 
has a certain sum, B has twice as much as A, C has $300, and D 
has $200 more tlian C ; hew many dollars has A ? Ana, $100. 

6. At a certain election, 3000 votes were cast for three candi- 
dates, A, B, and C ; B had 200 more votes than A, and C had 800 
more than B ; how many votes were cast for A ? A7is, 600. 

7. What part of 17^ is 3^ ? ^ Ana, ||. ^ 

8. The diflerence between ^ and ^ of a number is 10 j what i« 
the number ? Ans, 660. 

9. A merchant bought a hogshead of rum for $28.35 ; how 
much water must be added to reduce the first cost to 35 cents per 
gallon ? Ajis, 18 gal. 

10. A and B traded with equal sums of money ; A gained a sum 
equal to \ of his stock ; B lost $200, and then he had -J as much as 
A ; how much was the original stock of each ? Atis, $500. 

^^11. A farmer sold 17 bushels of barley, and 13 bushels of wheat, 
for $31.55 ; he received for the wheat 35 cents a bushel more than 
for the barley ; what was the price of each per bushel ? 

Ans, Barley, $.90; wheat, $1.25. 

12. What is the interval of time between March 20, 21 minutes 
past 3 o'clock, P. M., and April 11th, 5 minutes past 7 o'clock, 
A. M. ? Ans, 21 da. 15 h. 44 min. 

13. What o'clock is it when the time from noon is ^\ of the 
^ime to midnight ? Ans. 5 o'clock 24 min. P. M. 

14. What is the least number of gallons of wine ihat cmi bo ship- 
ped in either hogsheads, tierces, or barrels, jusL filling the vessels, 
without deficit or excess ? Ans. 126 gal. 

15. A ferryman has four boats ; one will carry 8 barrels, another 
9, another 15, and another 16 ; what is the smallest number of bar- 
rels that w^ill make full freight for any one, and all of the boats ? 

16. A and B have the same income ; A saves \ of his, but B, 
by spending $30 a year more than A, at the end of four years finds 
himself $40 in debt; what is their income, and how much does 
each spend a year ? C Income, $160. 

Ans. < A spends $140. 
CB spends $170. 
^17. If a load of plaster weighing 1825 pounds cost $2.19, how 
X much is that per ton of 2000 pounds? Ans. $2.40. 

18. K 2^ yards of cloth If yards wide cost $3.37|, what will be 
the cost of 36^ yards U yards wide ? / Ans. $52,779. 

19. I lend my neighoor $200 for 6 months ; how long ought he 

/to lend me $1000 to balance the favor ? 
20. Bought railroad stock to the amount oC $2356.80, and found 
that the sum invested was 40 per cent of what I had left ; what 
sum had I at first ? Ans. $8248.80. 

- 21. 20 per cent, of | of a number is what per cent, of f of it ? 

Ajis, 12^. 
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227*Divide a prize of $10200 among 60 privates, 6 sutialtem 
ofRc&rs, 3 lieutenants, and a commander, giving to each subaltern 
double the share of a private, each lieutenant 3 times as much as 
the subaltern, and to tne commander double that of a lieutenant ; 
how much is each man's share? Ans, Com. $1200 ; each man, $100. 

23. A is 51 miles in advance of B, who is in pursuit of him ; A 
travels 16 miles per hour, and B 19 ; in how many hours will B 
overtake A ? 

^ 24. How much wool, at 20, 30, and 54 cents per pound, must be 
mixed with 95 pounds at 50 cents, to make the whole mixture 
worth 40 cents per pound ? 

Ans. 133 lb. at 20 ; 95 lb. at 30 ; 190 lb. at 54 cents. 

25. If 240 bushels of wheat are purchased at the rate, of 18 
bushels for $22^, and sold at the rate of 22J bushels for $33.75, 
what is the profit on the whole ? Ans. $60. 

26. My horse, wagon, and harness together are worth $169 ; the 
wagon is worth 4 times the harness, and the horse is worth double 
the wagon ; what is the value of each ? C Horse, $104. 

Ans. I Wagon, $ 52. 
v^ ( Harness, $ 13. 

27. The shadow of a tree measures 42 feet ; a staff 40 inches in 
length casts a shadow 18 inches at the same time ; what is the 
height of the tree ? Ana. 984 ft. 

28. If a piece of land 40 rods long and 4 rods wide make an 
acre, how wide must it be to contain the same if it be but 25 rods 
long ? ' Ans. 6} rods. 

29. A, B, and C are employed to do a piece of work for $26.45 ; 
A and B together are supposed to do f of it, A and C y^, and B 
and C -J J, and paid proportionally ; how much must each receive ? 

30. If 12 ounces of wool make 24 yards of cloth that is 6 quar- 
ters wide, how many pounds of wool will it take for 150 yards of 
cloth 4 quarters wiae ? 

31. Six persons, A, B, C, D, E, and F, are to share among them 
$6300 : A is to have \ of it, B^, C |, D is to have as much as A 
and C together, and the remainder is to be divided between E and 
F in the proportion of 3 to 5 ; how much does each one receive ? 

32. What is the amount of $200 for 8 years at 6 per cent, com- 
pound interest ? Ans. $318,769. 

33. A garrison, consisting of 360 men, was provisioned for 6 
months ; but at the end of 5 months they dismissed so many of the 
men that the remaining provision lasted 5 months longer; how 
many men were sent away ? 

84. A certain principal, at compound interest for 5 years, at 6 
per cent., will amount to $069.113 ; in what time will t}>e same 
principal amount to the same sum, at 6 per cent, siuiiile interest ? 

Am. 5 yr. 7 mo. 19.8-f-da. 

85. Paid $148,352 for 9728 feet of pine lunib<;r ; how much was 
tliHt per thousand ? 
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36. Comparing two numbers, 483 was found to be their least 
common multiple, and 23 their greatest common divisor ; what 
is the product of the numbers compared ? Ans. 11,109. 

37. Eight workmen, laboring 7 hours a day for 15 days, were 
able to execute ^ of a job ; in how many days can they complete the 
residue, by working 9 hours a day, if 4 workmen are added to their 
number ? Ans. 16f days. 

38. If a hall 36 feet long and 9 feet wide require 36 yards of 
carpeting 1 yard wide to cover the floor, how many yards 1^ yards 
wide will covei ji floor 60 feet long and 27 feet wide ? 

Ans. 144 yards. 

39. A, B, and C traded in company ; A put in $1 as often as B 
put in $3, and B put in $2 as often as C put in $5 ; B's money was 
111 twice as long as C's, and A's twice as long as B's ; they gained 
$52.50 ; how much was each man's share of the gain ? C A*s, $12. 

^Tw.^B's, $18. 
(C's, $22.50. 

40. A and B tound a watch worth $45, and agreed to divide the 
value of it in the -atio of J to ^ ; how much was each one's share ? 

^ J $20, A's. 
^^*- ) $25, B's. 

41. A man received $33.25 interest on a sum of money, loaned 
5 years previous, cit 7 per cent. ; what was the sum lent ? 

Ans. $95. 

42. The diameter of a ball weighing 32 pounds is 6 inches ; 
what is the diameicr of a ball weighing 4 pounas ? Ans. 3 inches. 

43. Divide $360 in the proportion of 2, 3, and 4. 

Ans. $80, $120, $160. 

44. If by working 6f hours a day a man can accomplish a job in 
12J days, how mauy days will be required if he work 8 J hours per 
day ? Ans. 9^ days. 

45. An open court contains 40 square yards ; how many stones, 
9 inches square, will be required to pave it ? * Ans. 640. 

46. A drover paid $76 for calves and sheep, paying $3 for calves, 
and $2 for sheep ; he sold \ of his calves and ^ of his sheep for 
$23, and in so doing lost 8 per cent on their cost ; how many of 
each did he purchase ? Ans. 12 calves ; 20 sheep. 

47. If a cistern, 17^ feet long, 104 broad, and 13 deep, hold 546 
barrels, how many barrels will that cistern hold that is 16 feet long, 
7 broad, and 15 deep ? Afis. 384 bbls. 

48. If 12 men, working 9 hours a day, for 154 days, were able to 
execute f of a job, how many men may be withdrawn, and the resi- 
due be finished in 15 days more, if the laborers are employed only 
7 hours a day ? Ans. 4 men. 

49. A general formed his men into a square, that is, an equal 
number in rank and file, and found that he had 59 men over ; and 
increasing the number in both rank and file by 1 man, he wanted 84 
men to complete the square ; how many men had he ? Ans. 5100. 
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60. Bought wheat at $1.60 per bushel, com at $.75 per bushel, 
and barley at $.60 per bushel ; the wheat cost twice as much as the 
corn, and the corn twice as much as the barley ; of the sum paid, 
$243 and \ of the whole was ibr wheat, and $153 and ^V of the 
whole was for the com ; how many bushels of grain did I purchase ? 

Ans. 756. 

51. Divide $630 among 3 persons, so that the second shall have 
I as much as the first, and the third ^ as much as the other two ; 
what is the share of each P C 1st, $240. 

Jns. 7 2d, $180. 
(3d, $210. 

52. Bought a hogshead of molasses for $28, and 7 gallons 
leaked out ; at what rate per gallon must the remainder be sold to 
gain 20 per cent. ? 

63. 20 per cent, of -J of a number is how many per cent, of 2 
times I of H times the number ? Ans. 7^. 

64. B and C, trading together, find their stock to be worth $3500, 
of which C owns $2100 ; they have gained 40 per cent, on their first 
capital J what did each put in ? . ^B, $1U00. 

^^' } C, $1500. 

55. If the ridge of a building be 8 feet above the beams, and the 
building be 32 feet wide, what must be the length of rafters ? 

5ti. If 12 workmen, in 12 days, working 12 hours a day, can 
make up 75 yards of cloth, J of a }'ard wide, mto articlcvS of clothing : 
how many yards, 1 yard wide, can be made up into like articles, by 
10 men, working 9 days, 8 hours each day ? Aiis, 23^. 

57. A grocer sells a farmer ICO pounds of sugar, at 12 cents a 
pound, and makes a profit of 9 per cent. ; the farmer sells him 100 
pounds of beef, at 6 cents a pound, and makes a profit of 10 per 
cent. ; who gains the more by the trade, and how much ? 
^-.^^^^ Arts. The grocer gains $.446 + more. 

68. In 1 yr. 4 mo. $311.50 amounted to $336.42, j^t simple 
interest ; what was the rate per cent. ? Aifs, 6. 

59. Three persons engage to do a piece of work for $20; A and 
B estimate that they do | of it, A and C that they do f of it, and B 
and C that they do f of it ; according to this estimate, what part of the 
$20 should each man receive ? Jns, A's, $llf ; B's, $5f ; C's. $2f . 

'60. Paid $375, at the rate of 24 per cent., for insurance on a 
cotton factory and the machinery ; Tor what amount was the policy 
given ? 

61. A merchant bought goods in Boston to the amount of"$1000, 

and gave his note, dated Jan. 1, 1857, on interept after 8 months; 
six months after the note was given he paid $560, and 5 months 
after the first payment he paid $406 ; what was due Aug 23, 1859 ? 

Ans. IH6.68+ 

62. If f of A*s money be equal to f of B's, and ^ of B's be equal 
to ^ of C s, and 4 of C's be equal to f of D's, and D has $45 more 
than C, how much has each } j S ^^ $378 ; C, $360 ; 

^'^^'iB, $336j D,$405. 
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63. A owed B $900, to be paid in 3 years ; but at the expiration 
of 9 months A agreed to pay $300 if B would wait long enough for 
the balance to compensate for the advance; how long should B 
wait after the exjjiration of the 3 years ? Ans, 13^ mo- 

^64. A certain clerk receives $800 a year ; his expenses equal ^j^^ 

of what he saves ; how much of his salary does he save yearly ? 

65. A merchant sold cloth at $1 per yard, and made 10 per cent. 

profit ; what would have been his gain or loss had he sold it at $.87 J 
per yard ? Ans, Loss, 3|^ per cent. 

06. What is the cube of — ^ Ans^ |J. 

^63 

67. What is the cube root of — — • Akj, |. 

68. A miller i^ required to grind 100 bushels of provender worth 
50 cents a bushel, from oats worth 20 cents, corn worth 35 cents, 
rye worth 60 cents, and wheat worth 70 cents per bushel j how 
many bushels of each may he take ? 

69. A man owes $6480 to his creditors ; his debts are in arith- 
metical progression, the least being $40, and the greatest $500; 
required the number of creditors and the common difference between 
the debts. ^ 5 24 creditors. 

^^*' } $20 difference. 

70. Two ships sail from the same port ; one goes due north 128 
miles, and the other due east 72 miles ; how far are the ships from 
each other ? Ans, 146.86 -\- miles. 

71. K 10 pounds of cheese be equal in value to 7 pounds of 
butter, and 11 pounds of butter to 2 bushels of corn, and 14 bushels 
of corn to 8 bushels of rye, and 4 bushels of rye to 1 cord of wood ; 
how many pounds of cheese are equal in value to 10 cords of wood ? 

Ans, 550. 

72. A and B traded until they gained 6 per cent, on their stock ; 
then f of A's gain was $18 ; if A's stock was to B's as ^ to J, how 
much did each gain, and what was the original stock of each ? 

J 5 A*s gain, $45 ; stock, $750. 
^W5. ^g,g „ $37.50; " $625. 

73. If 20 men, in 21 days, by working 10 hours a day, can dig a 
trench 30 ft. long, 15ft. wide, and 12 ft. deep, when the ground is 

-called 3 degrees of hardness, how many men, in 25 days, by work- 
ing 8 hours a day, can dig another trench 45 ft. long, 16 ft. wide, 
and 18 ft. deep, when the ground is estimated at 5 degrees of 
hardness ? Ans. 84. 

74. Wishing to know the height of a certain steeple, I measured 
the shadow of the same on a horizontal plane, 27^ feet; I then 
erected a 10 feet pole on the same piano, and it cast a shadow of 2| 
feet ; what was the height of the steeple ? Ans. 103J ft. 

76. A can do a piece of work in 3 days, B can do 3 times as 
much in 8 days, and C 5 times as much in 12 days; in what time 
can they all do the first piece of work ? Ans. ^ da. 
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70. A person sold two farms for $1890 each ; for one he receiTed 
2!) per cent, more than its true value, and for the other 2J per cent. 
loKs than its true value ; did he gain or lose by the sale, and how 
much P Afis. Lost $2^2. 

77. Three men paid $100 for a pasture; A put in 9 horses, B 12 
coMs for twice the time, and G some sheep for 2^ times as long 
as IVs cows ; C paid one half the cost ; how many sheep had he, 
and how much did A and B each pay, prondcd 6 cows eat as much 
as 4 horses, and 10 sheep as much as 3 cows ? CC had 25 sheep 

Ajis, 7 A paid f^lS. 
(B ** $32. 

78. A man purchased goods for $10500', to be paid in three equal 
installments, without interest ; the first in 3 months, the second in 
4 months, the third in 8 months ; how much ready money will pay 
thf debt, money being worth 7 per cent. ? Ans. $10203.94 -\- . 

79. A farmer sold 60 fowls, consisting of geese and turkeys; for 
the geese he received $.75 apiece, and for the turkeys $1.25 apiece, 
and for the whole he received $52.50 ; how many were there of 
each ? ^ Am. 20 geese, 30 turkeys. 

80. There is an island 73 miles in circumference, and 3 footmen 
start together and travel around it in the same direction ; A goes 5 
miles an hour, B 8, and C 10 ; in what time will they all come 
together acain if they travel 12 hours a day ? Ans. 6 da. 1 h. 

81.. A, B and C are to share $100000 in the proportion of 4, 4-, 
and -J, rcHpectivelv ; but C dying, it is required to divide tiie whole 
sum proportionally between the other two ; how much is each one's 
share? .^ 5 A's, $57142.854. 

^^' \ B% $42857. 14f 

S2. A, D, and C have 135 sheep ; A's plus B's are to B's plus 
C^H as 5 to 7, and C^s minus B's to C's plus B's as 1 to 7 ; how many 
haw each P Ans. A, 30 ; B, 45 ; C, 60. 

83. A man sold one hog, weighing 250 pounds, at 4 cents per 
pound ; a second, weighing 300 pounds, at 44 cents ; and a third, 
weighing 309 pounds, at 5 cents ; what was tne average price per 
pound for the whole ? Ans. 4\{i cents. 

84. In a certain factory are employed men, women and boys ; 
the boys receive 3 cents an hour, the women 4, and the men 6 ; the 
boys work 8 hours a day, the women 9, and the men 12 ; the bovs 
receive $5 as often as the women $10, and for every $10 paid to the 
women, $24 are paid to the men j how many men, women, and 

J)oy8 are there, the whole number being 59 ? 

Ans. 24 men, 20 women, 15 boys. 

85. A fountain has 4 receiving pipes. A, B, C, and D ; A, B, and 
C will fill it in 6 hours, B, C, and 1) in 8 hours, C, D, and A in 10 
hours, and D, A, and B in 12 hours; it has also 4 discharging 
pipes, W, X, Y, and Z ; W, X, and Y will empty it in 6 hours, X, Y, 
and Z in 5 hours, Y, Z, and W in 4 hours, and Z, W, and X in 3 
hours ; suppose the pipes all open, and the fountain full, in what 
time would it be emptied ? Ans. 6^ h. 
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86. How many building lots, each 75 feet by 125 feet, can be 
laid out on 1 A. 1 R. 6 P. 18^ sq. yd. ? Am. 6. 

87. A man bought a house, and agreed to pay for it $1 on the 
first day of January, $2 on the first day of February, $4 on the 
first day March, and so on, in geometrical progression, through 
the year ; what was the cost of the house, and what the average 
time of payment ? . J $4095. 

• I Average time, Nov. 1. 

88. A man sold a rectangular piece of ground, measuring 44 
chains 32 links long by 36 chains wide; how many acres did it 
contain ? Ans. 159 A. 2 R. 8.32 P. 

89. What number is that which being increased by its half, its 
third, and 18 more, will be doubled ? Ans. 108. 

90. A merchant has 200 lb. of tea, worth $.62^ per pound, which 
he will sell at $.56 per pound, provided the purchaser will pay in 
coffee at 22 cents, which is worth 25 .cents per pound ; does the 
merchant gain or lose by the sale of the tea, and how much per 
cent. ? Ans. gained l^-j per cent 

91. A man owes a debt to be paid in 4 equal installments at 4, 
9, 12, and 20 months, respectively; discount being allowed at 5 per 
cent., he finds that $750 ready money will pay the debt ; how much 
did he owe .P Ans. $784.74-]-. 

92. A and B traded upon equal capitals ; A gained a sum equal 
to I of his capital, and B a sum equal to ^ J oi his ; B's gain was 
$500 less than A's ; what was the capital of each ? Ans. $4000. 

93. I purchase goods in bills as follows: June 4, 1859, $240.75 ; 
Aug. 9, 1859, $137.25; Aug. 29, 1859, $65.64; Sept 4, 1859, 
$230.36; Nov. 12, 1859, $36. If the merchant agree to allow 
credit of 6 mo. on each bill, when may I settle by paymg the whole 
amount? Ans. Feb. 1, 1860. 

94. A young man inherited a fortune, \ of which he spent in 3 
months, and f of the remainder in 10 months, when he had only 
$2524 left ; how much had he at first ? Aiis.. $5889.33 +. 

95. A man bought a piece of land for $3000, agreeing to pay 7 
per cent, interest, and to pay principal and interest in 5 equal an- 
nual installments ; how much was the annual payment ? 

Ans. $731.67+. 

96. I hare three notes payable as follows : one tor $200. due 
Jan. 1. 1859, another for $350, due Sept 1, and dnother for $500, 
due April 1, 1860 ; what is the average of maturity ? / 

Ans. Oct 24, 1869. 

97. A man held three notes, the first for $600, due July 7, 1859; 
the second for $530, due Oct 4, 1859; and the third for $400, due 
Feb. 20, 1860 ; he made an equitable exchange of these with a 
speculator for two other notes, one of which was for $730, due Nov. 
15, 1859 ; what was the face of the other, and when due ? 



. J Face, $800. 
^^^' } Due Aug. 29, 1859. 
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MENSURATION OF LINES AND SUPERFICIES. 

447. In taking the measure of any line, surface, or solid, we are 
always governed by some denomination, a unit of which is called the 
I 'nit of' MeitiMre, Thus, if any lineal measure be estimated in feet, 
the unit of measure is 1 foot ; if in inches, the unit is 1 inch. If any 
supcriicial measure be estimated in feet, the unit of measure is 1 
square foot ; if in yards, the unit is 1 square yard. 

4 in. If any solid or cubic measure be estimated in feet, the 
unit of measure is 1 cubic foot ; if in yards, the unit is 1 cubic yard. 

449. The area of a figure is its superficial contents, or the 
surface included within any given lines, 

without regard to thickness. 

450. An Oblique Angle is an angle 
greater or less than a right angle ; thus, 
ABC and C B D are oblique angles. a 

CASE I. 

451. To find the area of a square or a rectangle. 

4 (S3. A Square is a figure having four equal sides and four 
right angles. 

453. A Bectangle is a figure having four right angles, and 
its opposite sides equal. 

Rule. Multiply the length by the breadth, and the product will 
be the square contents. 

EXAMPLES FOR PRACTICE. 

1. IIow many square inches in a board 3 feet long and 20 inches 
wide? Ans, 720. 

2. A man bought a farm 198 rods long and 150 rods wide, and 
agreed to give $32 an acre ; how much did the farm cost him ? 

Am, $5940. 

3. A certain rectangular piece of land measures 1000 links by 
100 ; how many acres does it contain ? Ans, 1 A. 

CASE IT. 

454. To find the area of a rhombus or a rhomboid. 

455. A Bhombus is a figure having four equal sides and four 
oblique angles. 

456. A Rhomboid is a figure having its opposite sides equal 
and parallel, and its angles oblique. 

Note. The square, rectangle, rhombus, and rhomboid, having their op- 
posite sides parallel, are called by the general name, parallelogram. 

It is proved in geometry that any parallelogram is equal to a rec- 
tangle of the same length and width ; hence the 
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Rule. Multiply tlie length by the shortest or perpendicular dis- 
tance between two opposite sides. 

EXAMPLES FOR PRACTICE. 

1. A meadow in the form of a rhomboid is 20 chains long, and 
the shortest distance between its longest sides is 12 chains ; how 
many days of 10 hours each will it take a man to mow the grass on 
this meadow, at the rate, of 1 square rod a minute ? Ans, 6 da. 4 h. 

2. The side of a plat in the form of a rhombus is 1 5 feet, and a 
perpendicular drawn from one oblique angle to the side opposite, 
will meet this side 9 feet from the adjacent angle ; what is the area 
of the plat.? Ans, 180 sq.ft. 

CASE III. 

457. To find the area of a trapezoid. 

458. A Trapezoid is a figure having j-y 

four sides, of which two are parallel. j / 

The mean length of a trapezoid is one i 
half the sum of the parallel sides j hence the Zl 



Rule. Multiply one half the sum of the parallel sides by the per- 
pendicular distance between them, 

EXAMPLES FOR PRACTICE. 

1. What are the square contents of a board 12 feet long, 16 
inches wide at one end, and 9 at the other ? Ans. 12J sq. ft. 

2. What is the area of a board 8 feet long, '^16 inches wide at 
each end, and 8 in the middle ? Ans. 8 sq. ft. 

3. One side of a field is 40 chains long, the side parallel to it is 
22 chains, and the perpendicular distance between these two sides 
is 25 chains ; how many acres in the field ? Ans, 77 A. 5 sq. cli. 

CASE IV. 

459. To find the area of a triangle. 

400. The Base of a triangle is the side on which it is supposed 
to stand. ^ 

461. The Altitude of a triangle is the perpendicular distance 
from the angle opposite the base to the base, or to the base produced 
or extended. 

462. A Triangle is one half of a parallelogram of the same 
base and altitude ; hence the 

Rule. Multiply one half the base by the altitude^ or one half the 
altitude by the base. Or, Multiply the base by the altitudcj and 
divide the product by 2. 

EXAMPLES FOR PRACTICE. 

1. How many squae yards in a tnangle whose base is 148 feet, 
and j)erpendicular 45 feet ? Ans, 370 yds. 




834 MENSURATION. 

2. The gable ends of a bam are each 28 feet wide, and the per- 
pendicular height of the ridge above the eaves is 7 feet ; how many 
feet of boards will be required to board up both gables ? 

Ans, 196 feet. 

CASE V. 

463. To find the circumference or the diameter of a circle. 

464. A Circle is a figure bounded by one 
uniform curved line. 

465. The Circumference of a circle is the 
curved line bounding it. 

466. The Diameter of a circle is a straight 
line passing through the center, and termina- 
ting m the circumference. 

It is proved in geometry that in every circle the ratio between the 
diameter and the circumference is 3.1416 -)-. Hence the 

Rule. I. To find the circumference. — Multiply the diameter 
by 3.1416. 

IL To find the diameter. — Multiply the circumference by .3183- 

EXAMPLES FOR PRACTICE. 

1. AVhat length of tire will it take to band a carriage wheel o 
feet in diameter ? Ans, 15 ft. 8.4 -f- in. 

2. What is the circumference of a circular lake 721 rods in 
diameter ? ^ Ans, 7 mi. 25 rds. 1.54 -f- ft. 

3. What is the diameter of a circle 33 yards in circumference ? 

Arts. 10.5 -|- yards. 

CASE VI. 

467. To find the area of a circle. 

From the principles of geometry is derived the following 

Rule. I. When both diameter and circumference are given ; — 
Multiply the diameter by the circumference, and divide the product 
by 4.. 

II. "When the diameter is given ; — Multiply the square of the 
diameter by .7854. 

III. When the circumference is given; — Multiply the square of 
the circumference by .07958. 

examples for PRACTICE. 

1. The diameter of a circle is 113, and the circumference 355; 
what is the area ? Aiis, 10028.75. 

2. What is the diameter of a circular island containing 1 square 
mile of land ? Ans. 1 mi. 41 rd. 1.4 -rtt. 

3. A man has a circular garden requiring 84 rods of fencing to 
Enclose it j how much land in tlie garden ? Ans, 3 A. 81.5 -|- P. 
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MENSURATION OF SOLIDS. 

46§» A Solid or Body is a magnitude which has length, 
breadth, and thickness. 

CASE I. 

469. To find the cubic contents of a prism, 
cube, or cylinder. 

470. A Prism is a solid whose bases or ends 
are any similar, equal, and parallel plane figures, 
and whose sides are parallelograms. 



471. A Cylinder is a body whose bases 
or ends are equal and parallel circles, and 
whose side is a uniform curved surface. 




473. The Altitude of a prism, cube, or cylinder, is the perpen- 
dicular distance between the two bases ; it is the length of the body. 

To estimate the solid contents of any one of the bodies defined 
under this case 

llULE. Muliiply the area of the hose by the altitude, 

EXAMPLES FOR PRACTICE. 

1. The side of a cubic block measures 8 inches ; how many cubic 
inches does it contain ? Aiis. 512. 

2. The end of a prism 20 feet long is a right-angled triangle, the 
two shorter sides of which measure 9 and 12 inches ; what are the 
cubic contents of the prism ? Ans, 7^ cu. ft. 

3. A stick of timber is 25 ft. 3 in. long, 1 ft. 8 in. wide, and 18 in. 
thick ; how much will it come to at 8 cents per cubic foot ? 

Ans. $5.05. 

4. A cistern is 5^' feet in diameter, and 8 feet deep ; how many 
standard wine gallons will it contain ? Ans. 1421.7984 gal. 

Notes. 1. The mean or average diameter of a barrel or cask may be 
found by adding to the head diameter ^, or, if the staves be but little curv- 
ing, A- of the difference between the head and bung diameters. The cask 
will then be reduced to a cylinder, and its contents found by the above rule. 

2. The process of estimating the capacity of barrels or casks is called 
gattgitiff. 

5. The head diameter of a cask is 22 inches, the bung diameter 
28 inches, and the length 31 inches j how many wine gallons will it 
contain? Ans, 71.2504. 

6. The head diameter of a cask is 30 inches, the bung diameter 
35 inches, and the length 40 inches ; what is its capacity P 
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CASE II. 

473. To find the cubic contents of a pyramid 
or a cone. 

474. A Pjn^tlinid is a solid whose base is any 
plane figure, and whose sides are triangles terminat- 
ing in a point at the top. , 




475. A Cone is a solid whose base is a circle, 
and whose side is a curved surface terminating in a 
point at the top. 

llULE. Multiply the area of the base by ^ of the 
altitude, 

EXAMPLES FOR PRACTICE. 

1. What are the solid contents of a pyramid 15 feet square at 
the base and 40 feet high ?^ Ans. 3000 cu. ft 

2. A pyramid has a triangular base, each side of which is 30 
inches, and the altitude of the pyramid is 4 feet ; what are the cubic 
contents ? ^ ^ Ans. 3.6 -|- cu. ft. 

3. The base of a cone is 7 feet in diameter, and the altitude 16 
feet 9 inches ; what are the solid contents ? Ans. 214.87 -j- cu. ft. 

4. A heap of grain, in the form of a cone, is 4 feet high, and 
measures 15 feet round the base ; how many bushels does it con- 
tain? ^ Ans. 19 bu. 5.9-|-qt. 

CASE III. 

476. To find the surface or the solid contents of a sphere. 

477. A Sphere or Globe is a solid bound- ^"0^'' 
ed by a single curved surface, which in every 
part IS equally distant from a point within called 
Its center. Hence 

Rule. I. To find the surface; — Multiply the 
square of the diameter 6y 3.1416. 

II. To find the solid contents ; — Multiply the 
cube of the diameter by .5236. 

EXAMPLES FOR PRACTICE. 

1. How many square inches on the surface of a globe 15 inches 
in diameter? Ans, 706.86. 

2. The diameter of a sphere is 18 inches ; what is its solidity? 

3. What is the solidity of a ball that can just be put into a cylin- 
drical cup 5 inches in diameter and 5 niches deep ? 

Ans. 65.45 cu. in. 
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INTRODUCTION. 

The metric system of weights and measures -^60 called, because 
the metre is the unit from which the other units of the system are 
derived — had its origin in France during the Revolution, a time when 
all regard for institutions of the past was repudiated. In the year 
1790, the French government i*esolved to introduce a new. system ; 
and, in order that it might be received with general favor, other 
countries were invited to join with it in the choice of new units. 
In response to this invitation, a large mumber of scientific men, com- 
missioned by various countries, met in Paris, in consultation with the 
principal men of France. In the year 1791, a commission, nomi- 
nated by the Academy of Sciences, was appointed by the Government 
to prepare the new system. The first work of the commission was to 
select a standard of lengths from which the system of units adopted 
might at any time be restored if from any cause the original unit 
should be lost. A quadrant of the earth's meridian was chosen as 
the standard, and the ten-millionth part of it taken as the unit of 
lengths, which was called a metre. In 1795, this standard and a 
provisional metre whose length was determined from measurements 

* H. McYiCAR, A.M., Principal of the State Normal and Training School at 
Brockport, N.Y., a most thorough and critical scholar as well as teacher, prepared 
this article, which contains many practical improvements in Notation, Nomencla- 
ture, and Applications, not before presented to the public. 

Entered, according to Act of Congress, in the year 1867, by D. W. Fish, A. M., in the Clerk'i 
Office of the Diatcict Coart of the United States for the Southern District of Neir York. 

(337) 
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of the earth's meridian, which had already been made, was adopted 
by the government. 

In the meantime, two emment astronomers, Mechain and Delambre, 
were engaged in determining the exact length of the arc of the meri- 
dian between Dunkirk in the north of France, and Barcelona in 
Spain. At a later period, Biot and Arago measured the prolonga- 
tion of the same meridian as far as the island of Formentara. From 
these measurements, together with one formerly made in Peru, they 
deduced, as they supposed, the exact distance from the equator to 
the pole, which differed slightly from the standard assumed in 1795. 
In 1799, a law was passed changing the length of the metre adopted 
in 1795 so as to conform with this difference. The metre thus de- 
termined was marked by two very fine parallel lines drawn on a pla- 
tinum bar, and deposited for preservation in the national archives. 

While a part of the commission were engaged in establishing the 
exact length of the metre, other members pursued a course of inves- 
tigation for the purpose of determining a unit of weights, which would 
sustain an invariable relation to the unit of lengths. As the result 
of their investigations, the weight of a cube of pure water whose edge 
was one-hundredth part of a metre was the unit chosen. The water 
was weighed in a vacuum, at a temperature of 4° C, or 39.2° F., 
•which was supposed to be the temperature of greatest density. This 
weight was called a gramme; and a piece of platinum weighing one 
thousand grammes was deposited as the standard of weights in the 
national aicKives. 

Had the work of the commission ended in determining these 
standards of lengths and weights, their labor would have been futile. 
For, while the conception of basing their system upon an absolute 
standard in nature was good, the execution proved a failure. Later 
investigations have shown that the metre is less than the ten-nullionth 
part of the earth's meridian; consequently the metric system of 
weights and measures is referable not to an invariable standard in 
nature, but to the platinum metre deposited in the national archives 
of Franco. The great benefits which result from the labors of the 
commisdon arise from the adoption of the decimal scale of units, and 
a simple yet general and expressive nomenclature. The amount of 
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time and money used in carrying on exchanges between different coun- 
tries, which would be saved by the universal adoption of this system , 
is incalculable. The system was declared obligatory throughout tlio 
whole of France after Nov. 2, 1801 ; but, owing to the prejudices 
of the people in favor of established customs, and the cotifdsion con- 
sequent upon the use of the new measures, the Government, in 1812, 
adopted a compromise, in the systlme usud^ whose principal units 
were the new ones, while the divisions and names were nearly those 
formerly in use, ascending commonly in the ratios of two, three, four, 
eight, or twelve. In 1837, the government abolished this system, 
and enacted a law attaching a penalty to the use of any other than 
the metric system after Jan. 1, 1841. Since that time, the system 
has been adopted by Spain, Belgium, and Portugal, to the exclusion 
of other weights and measures. In Holland, other weights are used 
only in compounding medicines. In 1864, the system was legalized 
in Great Britain; and its use, either as a whole or in some of its pai-ts, 
has been authorized in Greece, Italy, Norway, Sweden, Mexico, 
Guatemala, Venezuela, Ecuador, United States of Columbia, Brazil, 
Chili, San Salvador, and Argentine Eepublic. In 1866, Congress 
authorized the metric system in the United States by passing the fol- 
lowing bills and resolution : — 

Ax Act to authorize the use of the Metric System of Weights 
AND Measures. 

Be it enacted by the Senate and House of Representatives of the United States 
of America in Congress assembled, That, from and after the passage of this 
Act, it shall be lawfal throughout the United States of America to employ 
the Weights and Measures of the Metric System : and no contract or dealing, 
or pleading in any court, shall be deemed invalid, or liable to objection, be- 
cause the weights or measures expressed or referred to therein are weights or 
measures of the Metric System. 

Section 2. And be it further enacted, That the tables in the schedule 
hereto annexed shall be recognized in the construction of contracts, and in 
all legal proceedings, as establishing, in terms of the weights and measures 
now in use in the United States, the equivalents of the weights and measures 
expressed therein in terms of the Metric System ; and said tables may be 
lawfully used fpr computing, determining, and expressing in customary 
weights and measures, the weights and measures of the Metric System. j 



840 



THE METBIG SYSTEM. 



A Bill to authorizb the. Use in Post Offices of the Wkights 
OF the Denomination of Grammes. 

Be it enacted by ike Senate and House of Representatives of the United States 
of America in Congress assembled, That the Postmaster General be, and he is 
hereby, authorized and directed to famish to the post-offices exchanging 
mails with foreign countries, and to such other offices as he shall think expe- 
dient, postal balances deaominated in grammes of the metric system ; and, 
until otherwise provided by law, one-half ounce avoirdupois shall be deemed 
and taken for postal purposes as the equivalent of fifteen grammes of the 
metric weights, and so adopted in progression ; and the rates of postage shall 
be applied accordingly. 

Joint Resolution to enable the Secretabt of the Trbasukt 
TO furnish to each State one set of the Standard Weights 
AND Measures of the Metric System. 

Be it resolved by the Senate and House of Bepresentatives of the United States 
of America in Congress assenibledf That the Secretary of the Treasury be, and 
he is hereby, authorized and directed to furnish to each State, to be delivered 
to the governor thereof, one set of the standard weights and measures of the 
metric system, for the use of the States respectively. 

TABLES AUTHORIZED BY CONGRESS. 
MEASURES OF LENGTHS. 







Myriametre,... 


10,000 metres, 


6.2137 miles. 


Kilometre, .... 


1,000 metres, 


0.62137 mUes, or 3280 feet, 10 inches. 


Hectometre,... 


100 metres, 


328 feet and 1 inch. 


Decametre, ... 


10 metres, 


393.7 inches, 


Metre, 


1 metre, . . . ^ . . 


39.37 inches. 


Decimetre, .... 


■^ of a metre, . . 


3.937 inches. ^ 


Centimetre, . . . 


l\i5 of a ™etre, . . 


0.3937 inch. 


MiUimetre, .... 


^^ of a metre,.. 


0.0394 inch. 



MEASUEES OF SUBFACES. 







Hectare, 

Are, 


10,000 square metres, 

100 square metres, 

1 square metre, 


2.471 acres. 

119.6 square yards. 

1660 square inches. 


C^ntiare, ...... 
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MEASURES OP CAPACITY. 



Metric Denominations and Values. 


Equivalents in Denominatious in uae. 


Names. 


No. of 
Utres. 


Cubic Measure. 


Diy Measure. 


Liquid or wine 
measure. 


Kilolitre, or stere, 

Hectolitre, 

Decalitre, 

Litre, 


1000 1 cubic metre, 

100 3^^ of a cubic metre, . . . 
10 10 cubic decimetres,. . . 

1 1 cubic decimetre, 

^ ^ of a cubic decimetre, 

Y^ 10 cubic centimetres, . . 

Y^^ 1 cubic centimetre, .... 


1.308 cubic yd. 
2bu. 3.35 pk... 
9.08 quarts,. . . . 
0.908 quart, . . . 
6.1022 cubic in. 
0.6102 cubic in. 
0.061 cubic in. . 


264.17 gallon. 
26.417 gallon. 
2.6417 gallon. 
1.0567 quart. 
0.845 gill 
0.338 fluid oz. 
0.27 fluid dr. 


Decilitre, 

Centilitre, 

Millilitre, 



WEIGHTS. 



Metric Denominations and Values. 


Equivalents in De- 
nominations in use. 


Names. 


Number of 
grammes. 


Weight of what quantity of water 
at maximum density. 


Avoirdupois weight 


Millier, or tonneau,. 
Quintal 


1,000,000 

100,000 

10,000 

1,000 

100 

10 

i 

Tim 


1 cubic metre, 


2204.6 pounds. 
220.46 pounds. 
22.046 pounds. 
2.2046 pounds.. 
8.5274 ounces. 
0.3527 ounce. 
15.432 grains. 
0.5432 grain. 
0.1543 grain. 
0.0164 grain. 


1 hectolitre, 


Myriagramme, 

Kilogramme, or kilo. 

Hectogramme, 

Decagramme, 

Gramme, 


10 litres, 


llitre, 


1 decilitre, 


10 cubic centimetres, 

1 cubic centimetre, 

1-10 of a cubic centimetre, 

10 cubic millimetres, 

1 cubic millimetre, 


Decigramme, 

Centigramme, 

Milligramme, 



Note. — The spelling in the above tables is not the same as in 
the tables in the schedule annexed to the report of the committee of 
the House of Bepresentatives on weights and measures. The change 
is not made to indicate any preference for any standard upon this 
subject ; but to carry out what the author believes to be an essential 
condition to the utility and success of the system. 

As remarked by a distinguished senator when the tables were . 
adopted by Congress, "T^e names are cosmopolitan ;" and to re- 
tain this character fully y the spelling must also he cosmopolitan. 

The French introduced the nomenclature and spelling ; and, so 
long as the names remain unchanged, the spelling should be retained. 
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NOMENCLATURE AND TABLES. 

Tlicre are eight kinds of qnantities for which tables are nsually 
constructed; viz., Lengths, Surfaces, Volumes or Solids, Capacities, 
Weights, Values, Times, and Angles or Arcs. The table for Times 
is the same in the metric as in the ordinary system. The table for 
Angles is constructed upon a centesimal scale. The tables for the 
other six kinds of quantities are constructed upon a decimal scale. 
In each of the tables for Lengths, Surfaces, Volumes, Capacities, and 
Weights, there are eight denominations of unitfi, — one principal and 
seven derivative. The principal units are the metrey which is the 
base of the system, and those derived directly from it. The two 
following tabular views present the facts regarding the principal and 
derivative units, which should be fixed in the memory. 

1. Principal unit of Lengths. 

2. The base of the metric system, and nearly 
one ten-millionth part of a quadrant of 
the earth's meridian. 

3. Equivalent, 39.3708 inches. 

1. Principal unit of surfaces. 

2. A square whose side \a ten metres. 

3. Equivalent, 119.6 square yards. 

1. Principal unit of volumes or solids. 

2. A cube whose edge is one metre. 

3. Equivalent, 1.308 cubic yards. 

1. Principal unit of capacities. 

2. A vessel whose volume is equal to a cube 
whose edge is one-tenth of a metre. 

3. Equivalent, .908 quart dry measure, or 
1.0567 quarts wine measure. 

■ 1. Principal unit of weights. 

2. The weight of a cube of pure water whose 
edge is .01 of a metre. 

3. The water must be weighed in a vacuum 
4° C, or 39.2° F. 

- 4. Equivalent, 15.432 grains. 
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L Metre,. 



II. Akb, 



in. Sterb,. 



rV. Litre, . , 



t V. Gramme, 
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1. Three orders of smaller units, or snbmoltiples of eacb 
kind, are formed by dividing each of the principal units 
into tenths, hundredths, and thousandths. 

2. Four orders of larger units, or multiples of each kind, 
are formed by considering as a unit ten times, ono 
hundred times, one thousand times, and ten thousand 
times, each of the principal units. 
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The names of derivative units are formed by 
attaching a prefix to the name of the princi- 
pal unit from which they are derived, which 
indicates their relation to the principal unit. 

1. Millesimus, one thousandth, contracted 
Milli. Example, Millilitre = xuVxy ^^ ^ ^^^^^ » 
8 millilitres = j^^js of a litre. 

2. Centesimus, one hundredth, contracted 
centi. Ex,, Centiare = xixr ^^ an are ; 4 
centiares = y J^y of an are. 

3. Decimus, tenth, contracted deci. iiTx., De- 
cimetre = -j^ metre ; 3 decimetres = -^q 
metre. 

1. Deca, ten. Example, Decametre = 10 
metres ; 5 decametres = 50 metres, 

2. Hecaton, one hundred, contracted liecto. 
Ex., Hectolitre = 100 litres ; 7 hectolitres 
= 700 litres. 

3. Kilioi, one thousand, contracted kilo. Ex. 
Kilogramme = 1000 grammes. 

4. Myria, ten thousand. Ex., Myriastere = 
10,000 stores; 3 myriasteres =30,000 steres. 

5. The a in deca and myra, and the o in hecto 
and kilo, are dropped when prefixed to are. 

" The tables being constructed upon a decimal scale, ten 
units of a lower order make one of the next higher, 
thus : 10 millimetres = 1 centimetre ; 10 centimetres 
= 1 decimetre; 10 decimetres = 1 metre; 10 me- 
tres = 1 decametre, &c. - \ 
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The fiicts in the preceding views being mastered, the tables can be 
oonstructed by the pupil at sight. For example : The names of the 
derivative units are f(Hmed by attaching the seven prefixes, in their 
order, to the principal units of the tables. The order of progressioii 
being ten, the table of capacities will be written thus : — 



10 Millilitres = 1 Centilitre. 
10 Centilitres = 1 Decilitre. 
10 Decilitres = 1 Litre. 

10 Kilolitres : 



10 Litces = 1 Decalitre. 

10 Decalitres = 1 Hectolitre. 
10 Hectolitres = 1 Kilolitre. 
1 Myrialitre. 



All the tables pecuBar to the Metric System are presented together 
in a convenient form in the two following tables : — 



TABLE OF SUBMULTEPLES AND PRINCIPAL UNITS. 



Names of Units. 


Pkonxtnciation. 


Symbols. 


PREFIX. BASK, 


10 MiUi- 

Eqaal 

1 Centi- 

10 Centi- 
Equal 
1 Deci- 

10 Deci- 
Equal 
1 Principal Unit. 

10 Principal Units 

Equal 
1 Deca- 


^ Metre 

Are 

Stero 

Litre 
. Gramme 
r Metre 

Are 

Stere 

Litre 
. Gramme 
r Metre 

Are 

Stere 

Litre 
. Gramme 
- Metre 

Are 

Stere 

Litre 
* Gramme 


Mill'-e-mee'-ter 

Miir-e-are 

Miir-e-ster 

Miir-e-li'-ter 

Miir-e-gram 

Sent'-e-mee'-ter 

Sent'-e-ftre 

Sent'-e-ster 

Sent'-e-li'-ter 

Sent'-e-gram 

Des'-e-mee'-ter 

Des'-e-fire 

Des'-e-st6r « 

Des'-e-li'-ter 

Des'-e-gram 

Mee'tcr 

Are 

St6r 

Li'-tcr 

Gram 


.8 
.1" 

i 

\ 

A 
S 
L 
G 
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TABLE OF MULTIPLES. 



Kahes of Units. 


.'pRDVrtvr'TATTnv 




PREFIX. 


BASK. 


'Jl A\y^ U^ V^IaXIU^. 


'M 


r Metre 


Dek'-a-mee-ter 


10 Deca- 


Are 


Dek'-are 


»A 


Equal < 


Stero 


Dek'-a-ster 


'S 


1 Hccto- 


Litre 


Dek'-a-li'-ter 


'L 




. Gramme 


Dek^-a-gram 


'G 




f Metre 


Hec'-to-mee-ter 


''m 


10 Hecto- 


Are 


Hec'-tto 


'a 


Equal - 


Stero 


Hec'-to-stOr 


's 


1 Kilo- 


Litre 


Hec'-to-li'-ter 


\ 




. Gramme 


Hec'-to-gram 


'o 


r Metre 


Kiir-o-meo-ter 


•m 


10 Kilo- 


Are 


Kiir-are 


•a 


Equal - 


Stei-o 


Kiir-o-ster 


's 


1 Myria- 


Litre 


Kiir-o-li'-tcr 


'l 




>. Gramme 


Kiir-o-gram 


'g 


r Metre 


Mir'-e-a-mce-ter 


^M 




Are 


Mir'-e-are 


^A 


Myria- ■ 


Stere 


Mir'-e-a-ster 


^S 




Litre 


Mir'-e-a-li'-tcr 


*L 




- Gramme 


Mir'-e-a-gram 


*G 



ABBREVIATED NOMENCLATURE. 

To secure the fullest advantage to business men bj the univei 
adoption of the new system of weights and measures, it is necesa 
that the names used should be short and easy to write and pronoun 
that they should express clearly the relation of the different deno 
nations of the same table to each other, and that they should 
identical in all languages. 

The last two of these requirements would be secured by the r 
versal use of the nomenclature adopted by the French. It is cosi 
politan in its character : it belongs to their language no more than 
any other. The former, however, is not secured. It is evident 
all, that, for business purposes, the long names of the metric syst 
are inconvenient, and that to shorten them would prove a f 
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advantage. Efforts have been made to introdace abort names; 
but these efforts have invariablj sacrificed tbeir universal and expres- 
sive character, which is of more importance to the business world 
than theur shortness. 

The only true course which seems to be open, is to abbreviate tbe 
names already introduced, in such a way as to retain their peculiar 
characteristics. 

To secure this, the following plan of abbreviation is suggested : — 

First, Let the prefixes be abbreviated thus : Mjr, kil, hect, dec, 
des, cent, mil. 

Second. Let the initial letter of the names of the five principal 
units be used, instead of the names themselves, thus : For metre, use 
a capital M ; for are, use a capital A ; for stere, a capital S ; for 
litre, a capital L ; and, for gramme, a capital O. 

Third. For the names of multiples and sub-multiples, attach to 
these initial capital letters the abbreviated prefixes, thus : Kil M, pro- 
nounced kill-em' ; Kil S, pronounced kill-ess', &c. 

By this method of abbreviation, the elements of the original terms 
are retained in such a form that each part is clearly indicated. The 
capital letter used after the prefix will always point to tbe base-word 
of which it is the initial, although the pronunciation is changed. 



TABLES WITH ABBREVIATED NOMENCLATURE. 
MEASUKES OF LENGTHS. 



Written. 


Prononneed. 






lOMflM, 


Mill-em', 


make 


1 Cent M, 


10 Cent M, 


Cent-em', 




1 Des M. 


10 Des M, 


Des-em' 




IM. 


10 M, 


Em 




IDecM. 


10 Dec M, 


Dek-em', 




IHectM. 


10 Hect M, 


Hect-em', 




IKUM. 


10 KU M. 


Kill-em', 




IMyrM. 


MyrM, 


Mir-em'. 
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HEASUBES OF SUBFACES. 



Written. 


Pronounced. 






lOMUA, 


Mill-a'. 


make 


1 Cent A. 


10 Cent A, 


Cent-a', 




IDesA. 


10 Des A, 


DesHi', 




1 A. 


10 A, 


A, 




1 Deo A. 


10 Dec A, 


Dek-B', 




1 Hect A. 


10 Hect A, 


HeoWi', 




IKUA. 


10 KU A, 


Kffl-a'. 




IMyrA. 


MyrA, 


Mir-a.'. 







MEASUBES OF VOLUMES, OB SOLIDS. 



■Written. 


Prononneed. 




10 Mil S. 


Mill-ess', make 1 Cent S, 


10 Cent S, 


Centress', 


1 Des S. 


10 Des S, 


Des^ss', 


IS. 


10 S, 


Ess, 


1 Dec S. 


10 Dec S, 


Dek-es/, 


1 Hect S, 


10 Hect S, 


Hecfc-ess', 


1 KU S. 


10 Kil S, 


Kill^ss', 


1 Myr S. 


MyrS. 


Mir-ess'. 





MEASUBES OF CAPACITY. 



Written. 


Prononneed. 




lOMUL. 


MUl-eir, make 1 Cent L. 


10 Cent L, 


Cent^ll'. 


1 Des L. 


10 Des L, 


DesMU' 


IL. 


10 L, 


£11, 


1 Dec L. 


10 Deo L. 


Dek-«11'. 


1 Hect L. 


10 Hect L, 


HeoteU', 


1 Kil L. 


10 Kil L, 


KiU-eU', 


1 Myr L. 


MyrL, 


Mir-ell'. 





348 THE METBIG SYSTEM. 



MEASURES OF WEIGHTS. 



•Wrltteu. 


Pronoonoed. 




10 Ma G, 


Mill-gee', make 


1 Cent G. 


10 Cent G, 


Cent-gee', *' 


IDesG. 


10 Dea G,. 


Des-gee', 


IG. 


10 G, 


Gee, 


1 Dec G. 


10 Deo G, 


Dek-gee', 


1 HectG 


10 Hect G, 


Hect-gee', ** 


1 Kil G. 


lOKlG, 


Kill-gee', 


IMyrG. 


MyrG. 


Mir-gee'. 





NOTATION AND NUMERATION* 

In the practical application of the metric system, it is not always 
convenient to use the principal units as the unit of number. For 
example : ' Should the gramme, the principal unit of weight, be used 
as the unit of number, in the grocery or any similar business, small 
quantities would be expressed by inconveniently large numbers. 
Example : 386 lbs. are expressed by 175,000 grammes. To avoid 
this inconvenience, the higher denominations are used as the unit of 
number when large quantities are measured. 

No general system of notation is yet agreed upon. The same 
quantity is written in various ways by different authors. Example : 
42 metres, 8 decimetres, and 5 centimetres, are written 

m em 

42.85 M. 42? 85. 42.85. M 42 85. &c. 

Inasmuch as the prmcipal units of measure are not always- used as 
the unit of number, it is important that a system of notation be adopt- 
ed, which will apply equally well to both principal and derivative 
units. 

It is believed that the system given below, while simple and con- 
venient, expresses clearly the relation of the unit of number to the 
principal unit of measure ; and, hence, has an advantage over any 
contractions Of the names of the derivative units or arbitrary signs 
^^ch might be adopted. 
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GENERAL PRINCIPLES OF NOTATION. 

I. The scale in tihe metrie system being decimal, the consecutive 
denominations are expressed by the consecutive orders of units in a 
number. Thus, 78642.358 tnetres is an expression for 7 myria- 
metres, 8 kilometres, 6 hectometres, 4 decametres, 2 metres, 3 deci- 
metres, 5 centimetres, 8 millimetres. 

* XL Whichever one of the eight denominations of units of measure 
is used as the unit of a number, the higher denominations are ex- 
pressed as tens, hundreds, and so on ; and the lower as tenths, hun- 
dredths, and so on. Example : 784.56 decametres. Here the unit 
of the number is a decametre ; consequently the tens and hundreds 
are, respectively, hectometres and kilometres, and the tenths and 
hundredths are metres and decimetres. 

From these principles and illustrations, we derive the following rule 
for notation : — 

KuLE. Write the consecutive denominations in their order, com^ 
mencing with the higher, and placing a cipher wherever a denomi- 
nation is omitted, and the decimal point after the denomination 
which is the unit of the number. 

RULES FOE ODICATING THE DENOMINATION, 

KuLB I. When a principal unit of measure is the unit of numr 
her, place the initial letter of the unit used before the number ^ thus : 
M 342.5. Read, three hundred and forty4wo and five-tenths 
metres ; or, 3 hectometres, 4 decametres, 2 metres, 5 decimetres, 

EXAMPLES FOE PSACTICE. 

Write the numbers which represent the following quantities, con- 
^dering the principal unit of measure the unit of number. 

1. Seven myriametres, 4 hectometres, three decametres, and eight 
centimetres. Ans. M 70480.08. 

2. Thirty-four kilometres and forty-three millimetres. 

Ans. M 34000.043. 

3. Eighty-seven hectogrammes and fifty-nine centigrammes. 

Ans, G 8700.59. 



350 THE METRIC SYSTEM. 

4. Thirty-two myriagrammes, forty-eight decagrammes, ^ve milli- 
grammes. Ans. G 320480.005. 

5. Three hundred and two kilares, eight hundred and seven cen- 
tiares. Jns, G 302008.07. 

6. Four myrialitres, sixty-two decalitres, dve millilitres. 

Jn$. L 40620,005. 

7. Four hundred and thirty4hree kilosteres, nine hundred and 
eighty lour hectosteres, seven thousand two hundred and three eenti- 
steres. Ans. S 53147203. 

RuLB II. When a multiple of a principal unit of measure is the 
unit of number ; — First, Place before the number the initial letter 
of the prir^pal unit from which the multiple is derived. Second, 
Indicate the order of multiple used hj a small figure placed to the 
left and above the letter prefixed to the number^ (See symbols in 
table of multiples.) 

Example. 42.5 kilometres, is written 'M42.5. 

The M before the number indicates that the metre is the unit of 
measure from which the unit of the number is derived. The small 
3 indicates that the third order of multiple, or kilometre, is the unit 
of number. 

EXAMPLES FOR PRACTIC£> 

Write the numbers which represen'j the following quantities, con- 
sidering the denomination named as the unit of number : — « 

Unit of Number^ Kilogramme. 

1. 43 myriagrammes, 7 decagrammes, 5 grammes. 

Ans. »G 430.075. 

2. 8 kilogrammes and 3 centigrammes. Ans. "G 8.00003. 

3. 736 hectogrammes, 243 centigrammes, and 4 milligrammes. 

Ans. »G 73.602434. 

4. 2009 hectogrammes and 3 centigrammes. 

Ans. «G 200.90003. 

Unit of Number^ Decalitre. 
\ 254 litres and 43 millilitres. Ans. ^L 25.4043. 
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6. 364 mjrialitres, 47 litres, 384 millilitres. 

Am, ^L 364004.7384. 

7. 243 decalitres, 47 centilitres. Am. ^L 243.047. 

Unit of Number y S^ond Order of Multiples. 

8. 23 myriametres, 72 millimetres. Am. ^M 2300.00072. 

9. 4000007 steres and 2 millisteres. Am. % 40000.07002. 

10. 3 kUares and 43 centiares. Am. ^A 30.0042. 

Unit of Number , Myriametre. 

11. 3 hectometres and 2 centimetres. Am. *M .030002. 

12. 5 millimetres. Am. *M .0000005. 

13. 3 decametres and 2 centimetres. Am. *M .003002. 

Bulb in. When a submultiple of a principal unit of measure 
is the unit of number ; — First, Place before the number the initial 
letter of the principal unit from which the svhmultiple is derived. 
Second, Indicate the order of suhmuUiple used by a smaU figure 
placed to the left and below the letter prefixed to the number. (See 
symbols in table of submultiples.) 

EXAMPLES FOE PRACTICE. 

Write the numbers which represent the following quantities, con- 
sidering the denomination named as the unit of number. 

Unit of Number y Millimetre. 

1. 32 decametres and 2 decimetres. Am. ^M 320200. 

2. 7002 hectometres. -irw. 8^700200000. 

3. 7 myriametres and 5 metres. Ans. ^M 70005000. 

4. 3 kilometres and 2 decametres. Am. gM 3020000. 

Unit of Number y Second Order of Submultiples. 

5. 5 kilogrammes and 9 grammes. Ans. fi 500900. 

6. 302 ra3rria8teres, 5 decasteres, and 3 oentisteres. 

Am. ,S 302005003. 

7. 4009 kilolitres and 5 litres. .in«. ^L 400900500. 

8. 2 hectares and 2 centiares. -4iw« ^^^<5f^^^ 
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Vhti of Numher, Decilitre. 
9. 8002 hectoKtres and 4 mlUilitres. Ans. jL 3002000.04. 
10. 6 mjrialitres and 1 decalitre. Ans. iL 600.100. 

• 11. .404 millilitres. Ans. jL .00004. 

REDUCTION. 

BuLl FOB Rkduction Dsscendino. Multiply the given quantify 
hy the number of the required denominaiion which makes a unit of 
the given denomincUion. 

Since the multiplier is always 10, 100, 1000, &c., the operation 
is performed by removing the decimal point as many places to the 
right as there are ciphers in the multiplier, annexing ciphers when 
necessary. 

EXAMPLES FOR PBACTICE. 



1. Kcduce *M 32.58 to millimetres. 

2. Reduce ^M 5 to decimetres. 

3. Reduce G402 to milligrammes. 

4. Reduce 'A 42.3 to centiares. 



5. Reduce 'L 93.2 to decilitres. 

6. Reduce *S 895 to decasteres. 

7. Reduce "A 903.2 to milliares. 

8. Reduce 'G 639 to centisrammes. 



Bulb fob Reduction Ascending. Divide the given quantity 
hy the number of its own denomination which makes a unit of the 
required denomination. • 

Since the divisor is always 10, 100, 1000, &c., the operation is 
performed by removing the decimal point as many places to the leji 
as there are ciphers in the divisor, prefixing ciphers when necessary. 

EXAMPI«ES FOB PBACTICE. 



1. Reduce sA 5 to myriares. 

2. Reduce gM 403 to kilometres. 

3. Reduce jS 42.3 to hectosteres. 

4. Reduce , A 7.2 to decares. 



5. Reduce sG 3 to kilogrammes. 

6. Reduce jL 5.7 to hectolitres. 

7. Reduce ,M 9 to myriametres. 

8. Reduce 2S47.3 to decasteres. 



MEASURES OF SURFACES. 
BELATIONS OF UNITS OP SURFACE TO UNIT3 OF LENGTH. 

Decimilliare = One square decimetre = 100 square centimetres. 
^^. — I -^^ square decimetres, or a plane figure whose 

~" 1 length is one metre and breadth one decimetre. 
Centiare «= One square metre = 100 square decimetres. 
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Declare 

Are 

Decare 

Hectare 

Kilare 

Mjriare 






10 square metres, or a plane figure whose length is one 

decametre and breadth one metre. 
One square decametre = 100 square metres. 
10 square decametres, or a plane figure whose length 

is one hectometre and breadth one decametre. 
One square hectometre = 100 square decametres. 
10 square hectometres, or a plane figure whose length 

is one kilometre and breadth one hectometre. 
One square kilometre = 100 square hectometres. 



NUMERAL EXPRESSION FOR SURFACE. 

The contents of a plane figure is expressed numerically by ^ving 
the number of times it contains some given area, which is assumed as 
the unit of surface. 

The following illustrations will show how the various denomina- 
tions of the table are used in numerical expressions of surface : — 



ILLUSTRATION 



FIRST. 



1 


i,u'%^ 


1 


^ 






^ 




* 























Length 6 metres. 

It will be seen, by examining, this figure, that the Unes drawn 
parallel to the sides, at the supposed distance of a metre from each 
Other, divide the surface into square metres, and that there are as 
many rows of square metres as there are metres in the breadth, each 
row containing aa many square metres as there are metres in the 
length. Hence the number of square metres in the area of the figure 
is equal to the product of the two numbers which indicate the length 
and breadth ; and A 0.21 is a numerical expression for its contents. 
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ILLUSTRATION SECOND. 






In this figure, the lines drawn parallel to the sides divide the 
figure into 86 milliares, or oblongs, whose length is one metre and 
breadth one decimetre. It is evident that ten of these oblongs put 
together will constitute a centiare, or square metre* Hence the ex- 
pression, 36 milliaies, may be written 3.6 oentiares; and read, three 
and ax tenths oentiares, or three oentiares and six milliares. 

By reducing the length to decimetres, the numerical expression of 
the contents will be, by Illustration First, 60 x 6, or 360 decimilliares 
or square decimetres. 

ILLUSTRATION THIRD. 
Length 1 decametre, 2 mclres» and 1 decimetre. 



Abi. 


' 


' 


Declare. 




/- 


Declare. 


<^ 





Milliare. DecimiUiare. 

In this figure, we have illustrated the relations of different denomi- 
itions of units in expressing the contents of a given surfece. 



I 
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In the following analysis, each part of the contents is presenter 
separately, as it would be obtained by multiplying the length by the 
breadth. The learner should carefully note each part, and analyze a 
sufficient number of examples to fiz the principles in the mind. 

ANALYSIS. 

^ r One decimetre Bs 1 dedmilliare s= A 0.0001 

' One decimetre x \ Two metres as 2 milliares s= A 0.002 

I One decametre = 10 milliares =1 centiare = A 0.01 

{One decimetre as 2 milliares = A 0.002 

Two metres ae 4 centiares ss A 0.04 

One decametre s 2 declares = A 0.2 

( One decimetre ss 10 mllllare = 1 centiare s A 0.01 
One decametre x \ Two metres sr 2 declares = A 0J2 

S ' One decametre s 1 are or square metre = A 1. 

m 1.21 X ^M 1.21 = A 1.4641 

From these illustrations, we derive the following rule for finding a 
numerical expression for a given surface of uniform length and 
breadth : — 

Rule. Heduce the length and hreadtk to the same denomination ; 
find the product of the two dimensions after reduction, and point 
off as mxmy decimal places in this product as there are decimal 
places in the two dimensions* 

The unit of the numerical expression thus found will be a decimil- 
liare when the unit of length is a decimetre, a centiare when the 
unit of length is a metre, an are when the unit of length is a deca- 
metre, a hectare when the unit of length is a hectometre, and a 
myriare when the unit of length is a kilometre. 

EXAMPLES FOR PRACTICE. 

1. How many ares in a floor M 1.25 long, and M 8.7 wide ? 

Ans. A .10875. 

2. How many centiares, how many kilares, and how many hec- 
tares in the same floor? Ans. 2 A. 10.875. 

3. How many ares in a board M 5.82 by 2M 47. ? 

-4n5. A. 025004. 

4. How many milliares, how many myriares, and hectares in the 
same board ? 

5. How many metres of a carpet mae decimetres wide will cover 
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a floor six metres long and five and four-tenths metres wide? and 
what would be the cost of the carpet, at $2.50 a centiare ? 

Ans. M 36. $90. 

6. In a farm consisting of four fields of the following dimensions, 
how many hectares ? First field, length M 342, breadth M 273 ; 
second field, length M 634, breadth M 350 ; third field, length 
M 450, breadth M 329 ; fourth field, length M 730, breadth M 632.7. 

uItw. «A 92.5187. 

7. A pile of lumber was found to contain 150 boards M 4 long 
and iM 4. wide, 225 boards M 6.2 long and gM 52. wide, and 642 
boards M 5.2 long and 3M 43 wide. How much was it worth, at $42. 
per are, face measure. Ans. $1008.38 -{-• 

8. How many bricks iM 2.2 X iM 1.1 would pave a side-walk 
M 842.6 long and M 2.2 wide ? and what would be the whole cost 
at 82 cents per centiare. Ans. 76600 bricks. $1520.05 +. 

MEASURES OF VOLUMES, OR SOLIDS. 
BELATIONS OF UNITS OF VOLUMES TO UNITS OF LENGTHS. 

Millistere = A cubic decimetre =1000 cubic centimetres. 

r 10 cubic decimetres, or a volume, or solid, whose 
Centistere = < length is one metre, and breadth and thickness one 

( decimetre. 

r 10 centisteres = 100 cubic decimetres, or a volume 
Decistere = -< whose length and breadth is one metre, and thick- 

C ness one decimetre. 

« — / '^ ®^^® metre = 10 decisteres = 100 centisteres = 

"" ( 1000 millisteres or cubic decimetres. 

^ , f 10 cubic metres, or a volume whose length is one 

Uccastei^ ~~ •< . . 

C decametre, and breadth and thickness one metre. 

r 10 decasteres = 100 cubic metres, or a volume whose! 
Hectostere = -< length and breath is one decametre, and thickness 

C one metre. 
Kilostere = A cubic decametre = 1000 cubic metres. 

r 10 kilosteres, or a volume whose length is one hecto- 
Myriastere = -< metre, and breadth and thickness each one deca- 

( metre. 
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NUMEEICAL EXPRESSIOK FOE VOLUME, OB SOLIDITT. 

The solidity, or contents, of a volume is expressed numerically by 
giving the number of times it contains some given solid as the unit 
of volume. 

The following illustrations will show how the various denominations 
of the table are used in numerical expressions of volume. 



Millistere, or Cubic Decimetre. 

10 millisteres, placed side by side, make a volume whose length 
is one metre, and breadth and thickness each one decimetre, thus, — 



Centistere = 10 Millisteres. 



10 centistere, placed side by side, make a volume whose length 
and breadth is each one metre, and thickness one decimetre, thus, — 




Decistre = 10 Centisteres = 100 Millisteres, 

10 decisteres, placed face to face, make a cube whose edge is one 
metre, thus,— 




Stere = 10 Decisteres = 100 Centisteres = 1000 Millisteres. 

From these illustrations, it is evident that the contents of a cubic 
metre may be expressed numerically, as S 1, iS 10, 2S 100, 38 1000. 
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The following figures illustrate the use of 
the same four deDomiuations in expressing 
the contents of a cubic volume whose edge 
is one metre and one decimetre. The sur- 
face of one face of the volume contains 
one centiare, two milliares, and one deci- 
milliare, thus,— 



Centlare. 



Milliare. 



S 



^ 



J" 




Taking a slab of the face one decimetre tihick, thus, — 
and we have one decistere, two 
centisteres, and one millistere. 
But the volume is eleven deci- 
metres thick ; therefore we have 
eleven such slabs, or eleven times one decistere, two centisteres, and 
one millistere. 

r 11 milUsteres = 1 centistere and 1 millistere = S 0.011 
= -^ 22 centisteres = 2 decister.es and 2 centisteres = S 0.22 
( 11 decisteres = 1 stere and 1 decistere = S 1.1 

M 1.1 X M 1.1 X M 1.1 = S1.331 

From these illustrations, we derive the following rule for finding a 
numerical expression for a given volume of uniform length, breadth, 
and thickness : — 

KuLE. Reduce the length, breadth, and thickness to the same 
denomination ; find the prodtict of the three Mmensions, after rc- 
duction, and point off as many decimal places in this product as 
there are decimal places in the three dimensions. 

The unit of the numerical expression thus found will be a millistere 
when the unit of length is a decimetre, a stere when the unit of length 
is a metre, a kilostere when the unit of length is a decametre. 



EXAMPLES FOB PRACTICE. 



1. How many stores in a wall twenty-four metres long, eight and 
five-tenth metres high, and fifty-two centimetres thick ? And what 
would be the cost of building it, at $4.25 a stere ? 

Ans. S 106.08. Cost, $450.84. 
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2. What yrould be the cost of a pile of wood fifteen and seren- 
tenths metres long, three metres high, and seven and fifty- two hun- 
dredths metres wide, at $1.50 a stere ? Ans^ $531.29—. 

3. What would be the cost of expavating a cellar eighteen and 
three-tenths metres long, ten and seventy-three hundredths metres 
wide, and three and four-tenths metres deep, at 15 cents per stere ? 

Ans. $100.14-1-. 

4. How deep must a box be, whose surface is thirty-two mUliares, 
to contain seven and thirty-six hundredths steres ? Ans, xM 23. 

5. How many steres in five sticks of timber of the following di- 
mensions : First, iM 5.2 by jM 7.3, and M 13 long; second, gM 43. 
by 2M 65, and M 1*7.5 long; thbd, iM 5.3 by iM 3.7, and M 15.42 
long.; fourth, gM 39 by jM 56, and M 14 long; fifth, iM 4.52 by 
iM 3.78, and M 15 long. Am. S 18.470352. 

6. What must be the height of a load of wood, M 3.2 long and 
M 1.1 wide, to contain S 4.0128. Ans. M 1.14. 

H MEASUREMENT OF ANGLES. 

In the ordinary or sexagesimal system, a right-angle, which is used 
as the measure of all plane angles, is divided into 90 equal parts, 
called degrees; a degree is divided into 00 equal parts, called 
minutes ; and a minute into 60 equal parts, called seconds. 

In the centesimal or French system, a right-angle is divided into 
100 equal parts, called grades; a grade into 100 equal parts, called 
minutes; and a minute into 100 equal parts, called seconds. 

The former is called the sexagesimcd sjstem, on account of the 
occurrence of the number sixt^ in forming the subdivisions of a de- 
gree ; and the latter centesimal, on account of the occurrence of the 
number one -hundreds 

Grades, minutes, and seconds are usually written thus : 35* 42^ 
24^^ ; read, thirty-five grades, forty-two minutes, twenty-four seconds. 

Since the scale is centesimal, minutes may be expressed as hun- 
dredths, and seconds as ten-thousandths ; hence any number of grades, 
minutes, and seconds may be expressed decimally thus : 73* 4569 ; 
read, seventy-three grades, forty-five minutes, sixty-nine seconds. 
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In a rightrangle, there are 100 {grades, or 90 degrees ; hence, finr 
every 10 grades there are 9 degrees. Dividing the 10 grades into 
9 equal parts or degrees, each part will contam 1^ grades ; therefore 
a degree a equal to 1^ grades. Hence, in any number of grades 
there are as many degrees as 1^ is contained times in the given 
number of grades ; and, conversely, in any number of degrees there 
are 1^ times as many grades as there are degrees. Hence the fol- 
lowing rules : — 

TO CHANGE THE CENTESIMAL MEASUjIE TO THE SEXAGESDiAX. 

BuLE. Express the mirnUes and seconds as a decimal of a 
grade/ divide hyl^i the quotient will express the number of de- 
grees and decimals of a degree in tlie given number of grades, min- 
utes, and seconds. 

EXAMPLES. 

Change the following quantities from the centesimal measure to 
the sexagesimal. 

Ans. 22^ 48' 35.208''. 

Jns. 31' 16.932". 

Ans. 74° 49' 29.388". 

Ans. 33° 17' .06". 

Ans. 12° 44' 25.44". 

Ans. 81° 49' 5.16". 

Ans. 16° 39' 8.1". 

TO CHANGE THE SEXAGESIMAL MEAStTEE TO THE CENTESIMAL. 

Rule, deduce the minutes and seconds to a decimal of a de- 
gree / midtiply the degrees and decimal of a degree hy \^'. the pro- 
duct is the number of gra^es^ minutes, and seconds in the given 
number of degrees, minutes, and seconds. 

EXAMPLES. 

Change the following quantities from the sexagesimal measure to 
the centesimal. 

1. 86° 18' 27". Ans. 40« 34^ 16§^\ 

2. 6& 54"'. Ans. 1« 5^ Zl^"^. 



1. 


25« 84* 42". 


2. 


bTQZ\ 


8. 


88« 13* 87". 


4. 


86« 98' 15". 


5. 


14« 15* 60". 


6. 


90« 90* 90". 


7. 


18« 50* 25". 



3. 


27^ 36' 45". 


4. 


189° 15' 20", 


5. 


63° 14' 58". 


6. 


147° 24' 48". 


7. 


117° 36' 54'. 
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Ans. 30" 68^ 5f V 
Ans. 2108 28^ 39^-'' 

Ans. 70S 27^ 71|fV 
Ans. 1638 79^25§f^ 

Ans. 130« 68^ 334^V 



TO CHANGE THE METRIC TO THE COMMON SYSTEM. 

Rule. Reduce the given quantity to the denomination of the 
principal unit of the table ; multiply hy the equivalent, and reduce 
the product to the required denomination, 

1. 8M3.6, bow many feet? 

OPERATION. Analysis. — The metre is 

^M 3.G X 1000 = M 3600 *^® principal unit of the table ; 

39.37 in. X 3600 = 141732 in. ^^°^^ ^® ^®^^^® *^® kilome- 

141732 in. -V- 12 in! = 11811 ft. ^^'^^ ^ '^^^''^' . ^^"^® ^^^^^ 

are 39.37 inches in a metre, in 

3600 metres there are 3C00 times 39.37 inches; and since there are 

1 2 inches in a foot, there are as many feet as 1 2 inches is contained 

times in 141732 inches. Therefore *M 3.6 is equal to 11811 feet. 

EXAMPLES FOR PRACTICE. 

2. How many feet in 472 centimetres ? Ans. 15.4855 J ft. 

3. How many cubic feet in 2 kilosteres? Ans. 70632 cu. ft. 

4. How many gallons, wine measure, in 325 decilitres ? 

Ans. 8 gals. 2.343— qts. 

5. How many gallons in 108.24 litres V An^. 28.594 -|- gals. 

6. How many bushels in 3262 kilolitres ? 

Ans. 92559.25 bush. 

7. How many square yards in 436 ares? 

Ans. 52145.6 sq. yds. 

8. In 942325 centilitres, how many bushels ? 

Ans. 267.3847 + bush. 

9. In 436 myriagrammes, how many pounds ? 

Ans. 9611 mV^^'^. 
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TO CHANGE PEOM THE COMMON TO THE METRIC SYSTEM. 

Rule. Reduce the given quantity to the denomination in which 
the equivalent of the principal unit of the metric table is expressed; 
divide by this equivalent, and reduce the quotient to the required 
denomination, 

1. In 10 lbs. 4 oz. how many mjriagrammes ? 

OPERATION. Analysis. — 

10 lbs. 4 oz. = 10.25 lbs. The gramme, 

10.25 lbs. X 7000 = 71750 gr. ^^ prmcipal 

71750gr.-hl5.432.gr. = G 4649.43— ^^'* ^^ *^® 

G4649.43 — -r- 10000 = *G. 464943— Ans. **^^®' 



grains hence we reduce the pounds and ounces to grains. 15.432 
grains make one gramme ; hence there are as many grammes in 71 750 
grains as 15.432 grains is contained times in 71750 grains. And since 
there are 10000 grammes in a myriagramme, dividing G 4649.43 — by 
10000 will give the myriagrammes in 10 pounds 4 ounces. Therefore, 
10 lbs. 4 oz. is equal to *G 464943 — 

EXAMPLES FOR PRACTICE. 

2. In 6172.8 pounds, how many decagrammes ? 

Ans. ^G 280000. 

3. How many hectares in 2392 square yards ? Ans. ^A .2. 

4. How many ares in a square mile ? 

^W5. A 25899.665552—. 

5. How many millisteres in 18924 cubic yards ? 

Ans. gS 14467889.9082 -f. 

6. In 892 grains, how many hectogrammes ? 

^n5.2G. 578019. 

7. In 2 miles, 6 furlongs, 39 rods, and 5 yards, how many 
kilometres? Ans. ^M 4.626416 +. 

8. Bought 454 bush, wheat at $3, and sold the same at $8.75 
per hectolitre ; how many hectolitres did I sell ? Did I gain or lose, 
and how much ? 

Ans. 2L 160. Gain, $38. 
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MISCELLANEOUS EXAMPLES. 



Required the footings of the 1 


follow 
(1.) 


ing bilk : — 


W. J. Milne, 


New York, April 23, 1867. 
BoH of L. CooLEY & Son. 


M 122 Broadcloth, 




@ $6.00 


" 320 Bid. Shirting, 
" 230 White Flannel 


i 


.35 
.30 


" 206.5 Ticking, 
" 107.9 Blk. Silk, 




.31 

" 2.40 


Rec*d Payment, 


Am. $1235.975 

L. CooLEY & Son. 


Chas. D. McLean, 


(2.) 


BursAto, May 1, 1867. 



BoH of Wm. Benedict. 
40 chests Tea, each «G 30.5 @ $ 2.50 

12 sacks Java Coffee, ** 40.00 

25 bbls. Coffee Sugar, eaeh «G 110 " .32 

10 " Crushed " ** «G 95 " .38 

30 boxes Raisins, " 'G 12 " .50 



Ans, $4951.00 

Rec^d Paymentj 

Wm. Benedict. 

3. A man bought a lot of land *M 40 long and ^M 20 wide, and 
sold one-third of it. How many ares had he left, and what was the 
cost of the lot, at $100 per acre ? 

Am, to first, A 53333.33 j. Am. to second, $197685.95. 

4. A farmer sold ^L 540 of wheat at $6, and invested the pro- 
ceeds in coal at $8 per ton. How many myriagrammes of coal did 
he purchase? Am, HJ 36741.835147 +. 

5. What will be the cost of a pile of wood M 42.5 long, M 2. high, 
M 1.9 wide, at $2 per store ? Am. $323. ^ 
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C. How many metres of shirtiDg, at $.25 per metre, must be 
given in exchange for *L 300 oats, at $1.20 per hectolitre ? 

Am. M 1440. 

7. A gwxjer buys butter at $.28 per lb., and sells it at $.60 per 
kilogramme. Does he gain or lose, and what per cent. ? 

Am, Lost 2 J Jl %. 

8. A bin of wheat measures M 5 square, and M 2.5 deep. How 
many hectolitres will it contain, and what will be the cost of the 
wheat, at $2 per bushel ? Ans, *L 625. $3546.875. 

9. What price per pound is equivalent to $2.50 per ^G? 

Ans. $11.34. 

10. A merchant bought M 240 of silk at $2, and sold it at $1.95 
per yard. Did he gain or lose, and how much ? 

Ans. Gain $31.81. . 

11. Find the measure of 1^ 5^^ in decimals of a degree. 

Ans. .00945. 

12. A merchant shipped to France 50 bbls. of coffee sugar, each 
containing 250 lbs., paying $2 per hundred for transportation. , ,He 
sold the sugar at $.34 per kilogramme, and invested the proceeds in 
broadcloth at $1 per metre. How many yards of bipadcloth did he 
purcha.se ? Ans. ^8.71 -f- yds. 

13. The difference between two angles is lO/grades, and their 
sum is 45°. Find each angle. Anm 18 ° and 27 " . 

14. Determine the number of degrees in tie unit of angular 
measure when an angle of 66} grades is represejfted by 20. 

Ans. 3°. 

15. How many centiares of plastering in ^r house containing six 
rooms of the following dimensions, deducting one-twelfth for doors, 
windows, and base ? and what would be the cost of the work at 88 
cents per centiare? First room, M 6.2 X M4.7; second room, 
M 4.52 X M 4 ; third room, M 6 X M 5.2 ; fourtb room, M 3.82 X i 
M3.82; fifth room, M7 X M6.2; sixth room, M4.5 X M4.25. 
Heightof each room, M 3.8. Ans. gA 562.039 — . $213.57 +. 
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